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A Great Advance 
in Fuel Oil Filtration 


Low first cost 
Extremely high efficiency 
Small overall dimensions 

Filtering surface 6 times area of 
previous designs 
Elements replaced cheaply 
Easily and quickly serviced 


This new filter has been expressly designed to remove the 


extremely minute dust particles, carried in suspension in 


fuel oil, which are responsible for most of the wear in pumps 


and injectors. Extensive field tests under 
arduous conditions at home and _ overseas 
have proved it possible to obtain six times 
the injection equipment life compared with 
that using older methods of filtration. The 
overhaul and maintenance costs of fuel 
injection equipment are thus greatly reduced 


and engines are kept longer in service. 





The World’s Leading Manufacturers of 


FUEL INJECTION EQUIPMENT 
C.A.V. LIMITED, ACTON, LONDON, W.3 @ 74/730 
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ROYAL ADDRESS 


RY important manifestation of British 

national life is graced, at its summit, 
by the patronage and interest of the Royal 
Family. In politics and industry, in the 
church, in art and sport, the noblest aspira- 
tions and achievements are accorded a vote 
of confidence when they receive royal 
approval. Science and engineering, in recent 
years, have been especially fortunate. Her 
Majesty the Queen has found time on 
numerous occasions to visit, open, and in 
other ways show her interest. Everyone who 
was present earlier this year when Her 
Majesty inaugurated the Owen Falls hydro- 
electric scheme will remember with what 
splendour the occasion was invested. So 
great a civil engineering. work would in 
itself be worthy of royal recognition, but 
situated as it is in the heart of Africa, it 
represents to the native people the start of 
a new era of opportunity and prosperity. 
No other formal occasion could have 
matched the significance of the work so 
aptly. 

Last week the Duke of Edinburgh made 
one of those unique contributions to the 
activities of the professional and learned 
societies which evoke the gratitude and 
pride of the members. Delivering the tenth 
British Commonwealth and Empire Lecture 
to the Royal Aeronautical Society, he spoke 
on “Aviation and the development of 
remote areas.”” With the rich experience of 
the Commonwealth Tour to draw on, he 
spoke of “‘ what I think is a neglected part 
of aviation ”—the civil aircraft requirements 
of the Commonwealth countries. He was, 
indeed, reminding the industry of that 
part of its work which, in the early days of 
flying—before military aircraft came to 
dominate the aeronautical world—was 
regarded as offering the greatest scope for 
this form of transport. The industry, he 
said, ‘“‘ must not be blinded by the chances 
of lucrative Ministry of Supply contracts, 
or have its attention to the requirements of 
the Commonwealth and Empire distracted 
by the clamour of Britain’s airline operators.” 
The industry should consider the progress 
of aviation as a whole, and all over the world. 

There are very few men to-day who have 
either the opportunity or the ability to 
take a broad view. In every branch of 
knowledge and industry there are countless 
experts able and willing to serve on com- 
mittees, to speak and write, and in that way 
to present the specialists’ view of a subject. 
But the co-ordinating, overall approach is 
often lacking, because there is no one capable 
of offering it. Occasionally a president of 
a society, or a distinguished man of learning 
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or commerce, or perhaps a politician or a 
historian, is able to climb beyond the foot- 
hills and survey a whole range. Unfor- 
tunately, most of those men who would ulti- 
mately be capable of such an exercise of the 
imagination are mentally diverted, at some 
stage in their careers and intellectual growth, 
by the pressure of their professional or busi- 
ness environment. (It is, incidentally, an 
advantage of large commercial undertakings 
that they breed a few great leaders from 
among men who would never rise to such 
heights if they were destined to serve small 
firms all their days.) 

Adam Smith conceived the division of 
labour to be the foundation of a prosperous 
society. History has proved him to have 
been right. But the more the division of 
labour proceeds the more necessary it is 
to have co-ordinating minds, some of them 
trained and able to take a very wide view. 
The British Commonwealth is by far the 
largest association of men and women, of 
diverse creeds, traditions and circumstances, 
ever to have become a reality. It is the 
nearest thing to world government that has 
existed outside men’s minds, and because it 
is unique in that respect it has nurtured only 
a few great men of comparable stature. 
There have been many who could talk of the 
Commonwealth—talk with evident know- 
ledge too—but few of them could speak of 
it from their hearts, because few hearts are 
capable of genuine and deep affection for, 
and understanding of, such a great human 
society. Field Marshal Smuts was among 
the small number; but for most of us our 
inability to reach that plane of exalted 
humanism is a measure of the constricting 
nature of our environment. 

The Royal Aeronautical Society were privi- 
leged to hear the comments of one who is 
able to interpret available knowledge on 
aeronautics in the broad context of the 
Commonwealth peoples. His Royal High- 
ness is aware of the impact, present and 
potential, of the development of aircraft on 
the well-being and lives of Her Majesty’s 
subjects, and he is aware of it to a degree 
that few others can be. He broadened the 
vision of his audience; as he will, no doubt, 
many times in the future. There are many 
papers to learned societies, and articles in 
the technical Press, which present new inform- 
ation, usually in a specialised field, but 
perhaps the greatest and rarest contributions 
to-day are those which throw a new light on 
familiar branches of knowledge, It is an 
inspiration to scientists and engineers to have 
their work surveyed by one who has ex- 
ceptional knowledge of the Commonwealth 
and the needs of its peoples, The Duke of 
Edinburgh’s address will stimulate them to 
re-think the true purposes of their work. 
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Weekly Survey 


MOTOR VEHICLES AND THE 
STANDARD OF LIVING 


It is refreshing to read in a chairman’s annual 
report to his shareholders that the prosperity 
of his industry depends basically on “‘ a continu- 
ously rising standard of living both at home and 
abroad ” and no mention of the threat of rising 
labour costs. Mr. A. B. Waring, Chairman of 
Joseph Lucas (Industries) Limited, reports a 
year of outstanding achievement and increases 
in sales to both motor and aircraft manufac- 
turers. During the company’s financial year 
ended July 31, the output of the motor industry 
was 24 per cent. above the previous 12 months 
and that of the aircraft industry 15 per cent. 
greater. Another Chairman’s report published 
last week, that of Mr. R. Gordon Smith of S. 
Smith and Sons (England), Limited, comments on 
the progress of these two industries, which pro- 
vide the Smith group of companies with a major 
proportion of their turnover. Mr. Gordon 
Smith, as Mr. Waring, relates the expansion of 
motor-vehicle production to general prosperity 
and the standard of living. Both companies are 
expanding their production facilities for motor- 
vehicle components, and striving to reduce their 
costs. Mr. Gordon Smith comments that the 
future prospects of his group, and the mainten- 
ance of a satisfactory level of profits ‘“* depends 
very largely upon how far we can offset further 
increases in wages, materials and other costs by 
further mechanisation and improvements of 
methods.” 

It can be argued, with some justification, that 
wages are a less important constituent of general 
costs in the case of motor-vehicle components, 
which are to a large extent mass produced and 
increasingly standardised, than in that of machine 
tools, ships, heavy electrical plant and other 
engineering products which tend to be tailor made 
to users’ specifications. At the same time the 
engineering industry as a whole depends over- 
whelmingly, and to an increasing extent, on a 
high level of consumption and therefore on a 
high standard of living. The attitude of motor- 
component manufacturers, therefore—to offset 
wage increases by improved methods, not resist 
them—is a far sighted one and a stimulating 
example to British engineering as a whole. 


> 
GERMAN COMPETITION 


German exports increased by 20 per cent. in the 
first nine months of 1954 compared with the 
same period of 1953, while British exports went 
up by only 6 per cent, These figures are given 
in the December issue of the Bulletin for Industry 
issued by the Information Division of the 
Treasury. There are two significant differences 
in the composition of the two countries’ export 
trade which account to some extent for this 
difference in performance and which show that 
each country can to some extent expand its 
exports without coming into direct competition 
with the other, Half the United Kingdom’s 
exports go to the sterling area whereas over half 
Germany’s exports go to Western Europe; again, 
metals, engineering products and chemicals 
account for 65 per cent, of German exports but 
only 57 per cent. of the United Kingdom’s. 
Nevertheless there are many markets in which 
the two countries are in direct competition. One 
of these is Central and South America where 
Germany has now ousted the United Kingdom 
as the second largest exporter after the United 
States. The North American market, however, 
is still more important to this country than it is 
to Germany and, of course, in the recent past we 
have consequently suffered more from the U.S. 
trade recession. In other world markets there 
is not much to choose between the two countries. 
The United Kingdom exports more to the Middle 
East and Finland whereas Germany exports more 
to Eastern and Central Europe and-the Far East. 





This country’s lead in exports of electrical 
machinery is still considerable but the Germans 
are now exporting about as much non-electric 
machinery as we are. Within this group, Ger- 
many’s exports of metal-working machine tools 
are more than double our own. On the other 
hand their exports of tractors are less than half 
those of the United Kingdom. This country 
benefits outstandingly at the moment from being 
able to export arms and munitions, and whereas 
we have a thriving aircraft-export trade, the 
Germans have none. In road vehicles both 
countries have increased their exports since 1953 
by about the same absolute amount and the 
U.K. road-vehicle exports are still about double 
those of Germany. If the Western European 
markets and those of the sterling area are 
omitted, since each of these gravitates for special 
reasons to Germany and the United Kingdom 
respectively, competition is clearly vigorous. It 
is to be expected that the Germans would make 
initial gains once their industrial potential 
recovered from the war, but the time is now 
running out when this country can rely on such 
advantages as the temporary dislocation of 
German industry and an artificial advantage in 
such industries as aircraft. 
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THE FORTH ROAD BRIDGE 


Since 1896, by virtue of their possession of the 
Forth Bridge, the Railways have had the advan- 
tage over other forms of communication between 
England, the South-east of Scotland and the 
North of Scotland. Throughout the first half 
of the century the Railways successfully resisted 
all attempts to provide an alternative direct route 
to the North through Edinburgh, but the ever- 
growing preference of industry for road transport 
will soon compel the construction of the new 
Forth Road Bridge. The Government is, in fact, 
already committed to the construction of the new 
Bridge, and the recent transfer of the responsi- 
bility for the Scottish road system from the 
Minister of Transport in London to the Secretary 
of State for Scotland in Edinburgh (as reported 
in. Weekly Survey for November 26), might be 
expected to assist in the furtherance of the 
project. 

Under the conditions of the Forth Road Bridge 
Acts the Treasury has undertaken to meet 75 
per cent. of the capital sums involved in carrying 
out the scheme, the remaining 25 per cent. (less 
£500,000 representing the direct contribution of 
the Local Authorities concerned) being met by a 
loan from the Local Authorities. The loan is 
to be repaid from a funding account financed 
from tolls authorised under the Act. The total 
cost of the full project is estimated to be £14 
millions, though a modified scheme has been 
prepared at a lesser cost. 

Recently a financial group have approached 
the Joint Board with an offer to provide at least 
75 per cent. of the capital as a short-term loan 
on the assumption that the Government would 
guarantee repayment within five or six years; 
this period being regarded as the maximum 
which the Government could delay authorisation 
of commencement of the work. The proposal 
has been rejected out of hand, however, by both 
the Minister of Transport and the Secretary of 
State for Scotland, on the grounds that if the 
Government wished to borrow for road works 
they could do so at better terms than those 
offered. 

If the Government are not willing to put up 
their contribution to the cost and if the need for 
the bridge is sufficiently urgent, then it may be 
necessary to examine the suggestion of raising 
the money by public subscription—road-haulage 
interests would surely assure the necessary sum— 
the interest on the bonds being met by toll 
charges. It will be remembered that, after 
thorough examination, the capital costs as well as 
interest on the new Auckland Harbour Bridge 
are to be met by toll charges, and both the 
Sydney Harbour Bridge and the Mersey Tunnel 
were successfully financed in this way. Better a 
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bridge by subscription and with toll cha-es 
no bridge at all: the Government shoul. declare 
their policy immediately. 


xk 


SHIPYARD WORKERS’ PAY CLAIM 


The claim for higher wages submittec by the 
Confederation of Shipbuilding Unions to the 
Engineering Employers’ Federation last \. eek can 
be taken seriously by the employers unly on 
certain basic assumptions. These assumptions 
are that the engineering industry is lacing a 
long period of prosperity without undue inflation 
that capital invested per worker is going to 
continue to rise and that productivity in the 
industry is, in consequence, going to increase 
also. These are perfectly reasonable assump- 
tions. The engineering industry is going through 
an era of change in which the amount of capital 
employed per operative may well advance rapidly 
and the era of the automotive factory may not be 
far distant. Straws in the wind are the attitudes 
to labour costs which have been revealed in the 
recent chairmen’s speeches of S. Smith & Sons 
(England), Ltd., and Joseph Lucas (Industries), 
Ltd., which are commented upon in another 
survey note this week. 

It would be useless, however, if a forward- 
looking attitude on the part of the employers 
were not matched by a similar frame of mind in 
the union representatives. A restrictionist atti- 
tude on the part of the operatives will not work 
in harness with a forward-looking attitude on the 
part of the employers, or for that matter, vice 
versa. There are some indications at the 
moment that the unions are prepared to adopt a 
similar policy to the employers in their demand 
that the grading of workers should be revised. 
Their views on this matter are set out in Labour 
Notes. It would, of course, be possible for an 
overhaul of the rates structure to be used as a 
cloak for all-round wage increases. It is to be 
hoped that this is not going to occur. It would 
be perfectly reasonable if a revision of grades led 
to an increase in wages, but only bitterness and 
worsening labour relations would follow if the 
rates structure were used only as a bargaining 
counter. 

The employers are known to have been working 
out proposals for changes in the wages structure 
since the middle of this year. There has thus 
been ample opportunity on both sides to take 
up their bargaining positions on the actual size 
of any wage increase that may be granted. Hard 
bargaining will not do anyone in the engineering 
industry any harm but both sides will have to 
keep the basic issues clearly in mind and know 
where they, and hence the engineering industry, 
are going in so far as long-term development is 
concerned. 


x k * 


AUSTRALIAN DIFFICULTIES 


The possibility that Australia may find it neces- 
sary to curtail imports further (already fore- 
shadowed in Weekly Survey notes) is now very 
real. The Australian Minister of Trade, Senator 
O’Sullivan has said that if wool prices do not 
recover, Australia may have to cut imports 
next year. The fall in wool prices this year has 
been about 15 per cent., which will mean that 
although the clip in 1954 has been slightly larger 
than in 1953, wool exports will be down by 
between £A50 millions and £A60 millions. 
Some Australian authorities attribute at least 
part of the blame for the present Australian 
difficulties to the United Kingdom. Because 
of the Ottawa agreement, which gives prefer- 


ential terms to imports from Britain, some of 


Australia’s principal wool-buying customers find 
it difficult to sell their own goods in Australia 
and thus earn the sterling currency which will 
allow the purchase of Australian goods. Senator 
O’Sullivan has said that, although during the 
past 54 years Australia had an adverse balance 
of £A600 millions, there was a favourable 
balance of £A620 millions with Belgium, France, 
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italy, and”, Japan. According to Sir John 
Allison, Picsident of the Melbourne Chamber of 
Commerce, the solution may well lie in the elimin- 
ation of the preferential duties under the Ottawa 
ment. This, in the long run, would actually 
be beneficial to the United Kingdom since 
Australia can only continue to import from 
Britain on the present scale if she can increase 
her export earnings. ous 
Australian difficulties, of course, derive in 
large part from the domestic economic policy. 
The report of the Australian Association of 
British Manufacturers in 1954 draws attention 
to the dangers which have arisen from “ an 
arbitrarily-fixed unduly high standard of wages 
for secondary industry ” which has had to be 
supported by the export industries. Australian 
costs are now above overseas levels, and until 
they can be reduced import restrictions will 
have to be retained at their present levels. A 
policy of import restrictions is not now, however, 
favourably regarded by many Australians who 
would favour de-valuation to increased restric- 
tion in imports in the event of a crisis. This 
would have the immediate and salutary effect of 
reducing costs and restoring the export industries 
to a relatively favourable position. According 
to the report of the Australian Association of 
British Manufacturers, the possibility of exchange 
devaluation cannot be ignored even without any 
further serious decline in export prices—parti- 
cularly if over the next year it seems likely to be 
the only alternative to permanent import 
restrictions. 
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LCI. EXPANSION AT BILLINGHAM 


A new plant is being built by Imperial Chemical 
Industries at Billingham for the manufacture of 
higher alcohols by the carbonylation process, 
for use in the manufacture of plastics and paints. 
This plant, which is to cost several million 
pounds, will be the largest in the world, with a 
potential capacity of 40,000 tons a year valued 
at over £5 million. 

This is yet another example of the amazing 
growth of the plastics industry, and available 
evidence suggests that this growth is far from 
over. The impact of the developments of the 
newer plastics on traditional materials, such as 
timber, steel and light alloys, is yet to be worked 
out, but cannot fail to be significant in relatively 
few years. The alcohols made at Billingham 
are ihe basis of plasticisers used throughout the 
plastics industry, particularly for the thermo- 
plastics group. 
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GUIDED MISSILES 


The growing complexity of modern engineering 
development resulting in the need for close co- 
operation between different branches of the 
industry is well illustrated by Sir Alexander 
Aikman’s speech at the annual general meeting 
last week of Electric & Musical Industries, 
Limited. He pointed out that an increasing part 
of E.M.I.’s resources is absorbed by electronic 
research, development and production for 
Service and other contract requirements. 

The importance of developments in guided 
Missiles was stressed in the discussion in the 
House of Lords on the memorandum by the 
Secretary of State for Air which accompanied 
the Air Estimates, 1954-55. Particular attention 
was drawn to the scope for the development of 
ground-to-air guided missiles as the only effective 
means of dealing with fast bombers flying at 
40,000 to 50,000 ft., but there is a very wide 
range of guided-missile applications for air- 
ground- or ship-launched anti-aircraft weapons 
and for attacking land or sea targets. 

Some of the major problems associated with 
these developments were considered by Mr. 
G. W. H. Gardner, C.B.E., in the James Clayton 
lectur. delivered to the Institution of Mechanical 
Engineers in November, and published in our 
Issue of November 26. These included the 
relati, > advantages of the rocket, the turbo-jet 
and te ram-jet for propulsion; the methods of 


testing to be adopted in order to avoid the firing 
of a prohibitive number of these expensive 
missiles; and finally the design and manufac- 
turing problems posed by the need to produce 
the missile, the propulsion mechanism and the 
elaborate electronic and instrument system on 
the small scale required if the very best per- 
formance was to be obtained. 

Apart from the facilities for the air test of these 
missiles at the Aberporth range on the coast of 
Wales and at the long-distance range at Woomera 
in Australia, several aircraft manufacturers have 
installed test houses and research centres, and 
most of the major aircraft-engine manufacturers 
have built special test chambers for work on the 
power units. The wind tunnel of the Bristol 
Aeroplane Company’s guided-weapons depart- 
ment is claimed to be the largest privately-owned 
supersonic tunnel in the country, while Vickers- 
Armstrongs have at Weybridge a chamber in 
which these missiles and their equipment can be 
tested on the ground at the equivalent of heights 
up to 80,000 ft. and at temperatures down to 
—80 deg. C. 

In the electronic field Sir Alexander Aikman, 
pointed out that E.M.I.’s responsibilities extend 
well beyond the electronics necessary for guiding 
the missile. In addition, the Company provides 
the mechanism to ensure that the missile detonates 
at the most effective point, and also supplies 
specialised transmitters designed to send informa- 
tion from trial missiles by radio telemetry. In 
connection with this work the Company makes 
trials, and employs investigation and assess- 
ment teams both in this country as well as at 
Salisbury and Woomera in Australia. 


xk k * 


REALISTIC LIFE AND WEAR 
TESTING 


Common to most engineering developments is 
the experience that as soon as new components 
that have satisfactorily withstood most rigorous 
bench tests in the manufacturer’s works are put 
into regular service, a crop of unforeseen “* teeth- 
ing troubles ” springs into being. Such problems 
are particularly serious for commercial airlines, 
the purpose of which is to maintain fast regular 
scheduled services at competitive cost. A 
possible approach to eliminating some of these 
early defects was put forward some six years ago 
by Mr. N. E. Rowe, then Controller of long- 
term research and development at British 
European Airways, and in conjunction with the 
Ministry of Supply research into its feasibility 
was put in hand. 

Briefly, it was intended to run specially- 
designed laboratory tests to determine the life 
and rate of wear of certain selected components 
of the Ambassador aircraft concurrently with 
flight trials of the prototype Ambassador, 
The components selected as possible sources of 
trouble were chosen from existing records of the 
defects experienced in Viking, Liberator, Dakota, 
and York aircraft, and a comprehensive vibration 
survey was carried out on the prototype Ambas- 
sador to determine the frequency and amplitude 
of the vibrations to which these components 
were subjected in flight. Test rigs were then 
designed to reproduce the flight conditions of 
vibration, temperature variation, humidity and 
dust. 

In the event, however, design and erection of 
the rigs took longer than had been foreseen and 
it was not possible to carry out the bench and 
prototype flight tests concurrently. Ambassador 
aircraft were, in fact, in passenger service before 
the rigs had been put fully into operation. This 
was partly owing to the fact that the technical 
problems of rig design had not been fully 
appreciated at the conception, and partly as a 
result of organisational changes in the firm 
responsible for designing the rigs, Airspeed 
Limited, which became a division of the de 
Havilland Aircraft Company, Limited, in 1951. 

The rigs were put into operation in January, 
1953, and by February, 1954, were operating at 
a rate of well over 300 hours a month. For 
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financial reasons British European Airways then 
found it necessary to withdraw their support, 
but the project still continues under the auspices 
of the Ministry of Supply, and although it is 
still too early for quantitative evaluation, it can 
be said that there has been a close correlation 
between the types and causes of component 
defects expérienced on the rigs and in flight. 

The mechanical design ofj the rigs and the 
responsibility for their functioning is largely the 
work of Mr. H. V. Clarke, until the end of 
September chief engineer to the Airspeed division 
of the de Havilland company, and an account of 
his approach to the problem will be found else- 
where in this issue. When Mr. Clarke resigned 
from the de Havilland company to become an 
active director of A. Felix Industries, Limited, 
research and development engineers, he took 
with him the Ambassador test rigs, and they are 
now in operation at the Parkstone, Dorset, works 
of the Felix company. 


xk k * 
TOYS 


The annual general meeting of Lines Brothers, 
Limited, held on Tuesday, December 21, 
draws attention to a section of the engineering 
industry which has shown a very considerable 
expansion in recent years. The gross output 
of the industry which was a little over £16 
millions in 1948 is estimated to have risen to 
about £25 millions of which exports account for 
about £54 millions. Lines Brothers are believed 
to be the largest toy producers in the world, and 
Mr. Walter Lines, the Chairman, said that 
in the year ending June 30, 1954, the company * 
had produced more than ever before. 

It is perhaps only in the last thirty years that 
toy manufacture has taken its place as a branch 
of the light-engineering industry. Originally, 
most toys were of wood, but in the years between 
the wars sheet steel was increasingly used, in many 
cases material which was not suitable for motor- 
body work and which would otherwise have 
gone to waste. The use of power presses and 
of welding techniques, particularly resistance 
welding, gave a great impetus to the production 
of metal toys while die casting and compres- 
sion moulding were also being increasingly 
adopted. 

During the war manufacturers turned to the 
production of munitions of various kinds and a 
great deal of experience was gained in mass- 
production methods, which has been put to good 
advantage during the last few years. In many 
cases, however, these methods needed consider- 
able adaptation to meet the needs of toy manufac- 
ture, which has an important fashion aspect and 
must maintain a high degree of flexibility. Toy 
manufacture to-day embraces in miniature a wide 
range of industrial processes including rubber 
curing, heat treatment, gear cutting, arc weld- 
ing, high-frequency brazing and soldering, 
degreasing and rust proofing, paint spraying and 
drying in gas-fired conveyor tunnels, as well as © 
electroplating in a modern automatic plant. 

Material shortages in the immediate post-war 
years gave a considerable impetus to the use of 
plastics and the adoption of injection-moulding 
techiques proved particularly suitable for the 
production of large numbers of “‘ scale model ” 
toys and in the manufacture of dolls. 

With the revival of the toy-making industries 
of Germany and Japan export markets are 
becoming very competitive, and this is also true 
to a large extent of the home market, where the 
toy famine of the immediate post-war years 
has been largely satisfied. The main problem 
facing the industry at the present time is the 
question of how far the high-tool costs associated 
with modern methods of production will con- 
tinue to be justified. The problem is to some 
extent aggravated by the highly seasonal nature of 
the trade; at least two-thirds of the retail trade 
is done in the last quarter of the year and this, 
coupled with the importance of the novelty 
aspect in many branches of the industry, sets a 
rigid programme for development and manufac- 
ture. 

















































































































































































































































































































































































































































































































































































































812 


AVIATION AND THE DEVELOPMENT 
OF REMOTE AREAS 
By H.R.H. The Duke of Edinburgh, K.G., XK.T. 


On Thursday, December 16, H.R.H. the Duke of 
Edinburgh honoured the Royal Aeronautical Society 
by delivering the Tenth British Commonwealth and 
Empire Lecture in London. We give below extracts, 
concerned mainly with the conclusions drawn by His 
Royal Highness, who gave a number of examples to 
illustrate the range and importance of aviation in the 
Commonwealth. The lecture is to be printed in full in the 
January, 1955, issue of the “* Journal of the Royal 
Aeronautical Society.” 


Not very long ago the aircraft used in the military 
services, in the scheduled airlines, and in the outback 
areas were roughly comparable in cost and perform- 
ance, and some aircraft, notably the Dakota, have 
served in all three. In recent years, however, 
invention and development have tended to open up 
an ever-widening gap between the third category 
and the other two. To the Air Force and airline 
operators, higher, faster, bigger and better may be 
an excellent motto, but it means nothing to the man 
who wants to do top-dressing or crop dusting from 
the air. In a few years time there will be little use 
for the secondhand high-performance aircraft except 
in the role for which they were designed. It is there- 
fore perhaps a good moment to take stock of the 
position in the third division of aviation and see 
what is going on and what is likely to happen in the 
future. 

During: the recent tour of Australia and New 
Zealand and then later in Canada, I had a wonderful 
opportunity to hear about, and sometimes to see, the 
enormous variety of uses other than passenger- 
carrying to which aircraft have been put in those 
countries. The pilots of the aircraft engaged in the 
outback services in the Northern Territory of Australia 
are required to service their aircraft, repair minor 
defects, refuel, collect fares, issue invoices for passen- 
gers and freight, and do the loading and unloading. 
In addition, they are expected to run to a strict 
schedule, navigate over poorly-mapped areas which 
they must know well, land and take off from a great 
variety of bush airfields under varying weather 
conditions. Distances, weather and the absence of 
other facilities make aviation a vital and integral 
part of the civilisation of those countries. 

In agriculture, aircraft are being used for crop-dust- 
ing, for seeding, top-dressing and for the survey of 
land and in forestry. For controlling pests and 
diseases by poisonous chemicals aircraft can reach 
standing crops, deserts for locusts, tree tops for forest 
pests and swamps breeding mosquitos that would 
be inaccessible to ground machines, and are able 
to treat such infested areas with a speed quite 
impossible by any other means. 

Aircraft are used extensively in the survey of vast 
areas of unknown country for geological prospecting 
and for the aerial soil surveys over country otherwise 
inaccessible, or where the use of land changes rapidly. 
Freight services opened the Canadian north in the 
*twenties and ‘thirties and every further development 
in that area depends entirely on aviation. 

In Australia, an experiment has been running some 
six years on the flying of beef from a cattle station 
to the coastal port. The possibilities are immense. 
It has been estimated that by using inland abattoirs 
and air freighting, beef production in Australia 
could be doubled in ten years. 

Fixed-wing aircraft are ideal for agriculture, pest 
control and survey so long as the geographical scale 
of the countryside is large. When it comes to dealing 
with small detailed work, which is the rule in this 
country, then the helicopter is the only really useful 
type of aircraft for that purpose. In fact, the greatest 
part of air spraying in this country is done by heli- 
copters and some thousands of acres of potatoes are 
sprayed by helicopters each year. 

There are several conclusions to be drawn. The 
first and most important is that, apart from the Bristol 
Freighter and the Beaver, and later the Otter, not one 
single aircraft used in any of the fields I have men- 
tioned was actually designed for. the job. 

Both the Freighter and the Beaver were private 
ventures, the latter being designed and built in 
Canada. So far as I know the only British aircraft 
on the stocks in the category I am discussing is 
the Twin Pioneer—known to some as the “ Double 
Scotch,” I think it is worth remembering that 
when the Beaver was first mooted the makers went 
to considerable trouble to find out exactly what the 
bush pilots of Canada really wanted, and throughout 
its development their opinions, experience and 
criticisms were sought and used. The result is an 


aircraft which they like and use: 113 Beavers and 
51 Otters are in use in Canada already. 

Several attempts are being made to produce a 
DC-3 replacement, notably the Herald in this 
country, but it is not an easy thing to do because 
the DC-3 will only be replaced by an aircraft which is 
better in all respects and, most important, consider- 
ably cheaper to operate. 


FLYING TRACTOR 


The “Civil Aviation Journal” of New Zealand 
printed an article reproduced from ‘* Aviation Age,” 
called “‘ We Want a Flying Tractor.”” The author 
wants an aircraft of one-ton capacity, a biplane, 
low-wing loading, load and engine ahead of the pilot, 
no flaps, or slots, simple, low speed and price. 

In fact, an aircraft obviously based on these require- 
ments has been built in America and is expected to 
cost between £5,000 and £6,000. Trials already 
indicate that using this specially designed aircraft 
the operating cost of chemical application is roughly 
half that of the cost of the best existing aircraft 
converted for the purpose. A third of these aircraft 
will probably be sold to New Zealand. 

From Australia I would like to read an extract 
from a letter from the Operations Supervisor af 
Connellan Airways at Alice Springs who, among 
other things, run the flying doctor service there: 

‘** The one difficulty which is faced by bush airline 
operators is the lack of a suitable type of aircraft. At 
the moment there is no aircraft being manufactured, 
nor as far as is known, is one even contemplated. 
Tough conditions are experienced and the aircraft 
must be designed for the job. Specifications for 
such an aircraft, the ‘ Brolga,’ were published in the 
Australian ‘ Aircraft ’ magazine in 1950, and were sent 
all over the world to manufacturers. A _ great 
service would be done to bush operators, not only 
here, but in other undeveloped parts of the world 
if this need could be presented to the aircraft manu- 
facturers, for then it is possible that such a suitable 
aircraft could be produced.” 

From Canada, Eldorado Aviation have this to say: 
“We are now using aircraft which are approaching 
obsolescence. We must shortly consider replace- 
ment. At the?present time there is no new aircraft 
available which meets our requirements. This is 
a problem which is common to all operators in 
Canada serving remote areas. Possibly the best 
commentary on the failure of the aircraft industry to 
meet this particular demand is the fact that DC-3 
aircraft now command a higher price on the market 
than they did in 1946.” 

Out of 687 aircraft of 64 different types employed 
on bush operations in Canada in 1953, only 46 were 
built in Great Britain, and only four were built after 
the war. 

There can be no doubt that aviation is an essential 
element in the development of the Commonwealth 
and Empire. Hence it follows that aircraft must be 
designed for the jobs for which they are required, 
or the aircraft must be highly versatile; that, whatever 
the job, the aircraft must be simple, robust and easy 
to maintain; that speed is a secondary consideration 
for the simple reason that even if they only flew at 
30 knots they would still get to places several months 
before dog teams or ox carts. This does not mean 
that aircraft have got to be slow. If high speed makes 
them more economical to operate, so much the 
better. 

At the moment, the centre and head of the aviation 
industry for the Commonwealth and Empire is in 
these islands. It is true that great strides have been 
made in some of the Dominions in the design and 
production of aircraft suited to their own needs, but 
the industry in these islands is still the leading 
partner and capable of making many useful contri- 
butions for a number of years yet. If it is to do this 
it must not be blinded by the chances of lucrative 
Ministry of Supply contracts, or have its attention 
to the requirements of the Commonwealth and 
Empire distracted by the clamour of Britain’s airline 
operators. 

We hear often enough about the need for a strong, 
modern and efficient Air Force, and I fully agree 
with that. We hear, not quite so often, about the 
need for a strong, modern and efficient Mercantile 
Air Service, and at the moment that seems to me to 
be even more important. But above all, we must 
have an aircraft industry capable of meeting our own 
needs as well as the special needs of those countries 
whose development and future well-being depend 
upon aviation. 
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PERSONAL 


New appointments are announced on ‘he design 
side of the de Havilland Aircraft Co. L::., to 
the delegation of duties between He‘field and 
Christchurch. Under Mr. R. E. BisHo», CRE 
F.R.Ae.S., design director, Mr. C. T WiLkins, 
O.B.E., F.R.Ae.S., becomes chief designe; (Hatfield) 
and Mr. W. A. TAMBLIN, A.F.R.Ae.S., A VLLNA 
becomes chief designer (Christchurch). 
SMITH becomes deputy chief designer (Hatfizld), My 
A. G. Perers, A.F.R.Ae.S., and Mr. E.R Owen are 
assistant chief designers (Hatfield) ani Mr, F 
HAMILTON, A.F.R.Ae.S., is assistant chief designer 
(Christchurch). This arrangement will caable Mr 
Bishop to devote more time to the study of new 
aircraft in their early design stage. 


Rolls-Royce Ltd. announce that Lorp Hives, 
C.H., M.B.E., LL.D., D.Sc., relinquishes tie position 
of joint managing director but remains executive 
chairman of the company. Mr. A. G. Extorr 
C.B.E., relinquishes the position of joint managing 
director and chief engineer to the company and js 
appointed executive vice-chairman. Mkre. J. P, 
PEARSON, Wh.Sc., B.Sc.Eng., who is a director of the 
company and chief executive officer of the areo 
division, is appointed managing director, acro-engine 
division. Dr. F. Llewellyn Smitu, M.Sc., a director 
of the company and chief executive officer of the 
motor-car division, is appointed managing director, 
motor-car division. Mr. A. A. RUBBRA, B.Sc., who 
has been deputy chief engineer, aero-engine division, 
is appointed to the board as a technical director, 
Mr. A. F. KELLEY, B.Sc., who is general manager 
(manufacturing) aero-engine division, is appointed 
to the board. Mr. A. A. Lomsarp, F.R.AeS., is 
appointed chief engineer, aero-engine division. Mk. 
D. R. McDOoNaAL_Lb, C.A., is appointed secretary to the 
company in succession to Mr. G. D. L. Carnegie, 
who has resigned. 


Among the young British scientists who have been 
awarded research fellowships tenable in American 
institutions under a technical-assistance programme 
sponsored by the U.S. Foreign Operations Adminis- 
tration, are Mr. G. V. CHESTER, scientific officer, 
Radar Research Establishment, Ministry of Supply, 
to work at Yale University; Mr. C. G. James, 
research student in the Department of Physical 
Chemistry, Cambridge, to work in the University of 
California; Mr. I. M. MiILLs, research student in 
the Department of Chemistry, Oxford, to work at 
the University of Minnesota, and Dr. G. L. Squires, 
a senior research Fellow at the Atomic Energy 
Research Establishment, Harwell, to work at the 
Institute for Advanced Study, Princeton, New Jersey, 
and at the Institute for Nuclear Studies, University of 
Chicago. The awards have been made by the 
National Academy of Sciences, Washington, on the 
nomination of the Royal Society. 


Mr. J. Coins, B.Sc. (Eng.), generating-station 
superintendent, Greenwich, London-Transport Execu- 
tive, has been appointed to a similar position at 
Lots Road power station. Mr. W. Warp, M.Inst.F,, 
generating station superintendent, Neasden, has 
succeeded Mr. Collins at Greenwich, and Mr. G. F. 
WITHERS, M.Inst.F., assistant generating station 
superintendent, Lots Road, has succeeded Mr. Ward 
as generating station superintendent, Neasden. 


Lt.-CoLONEL L. F. Urwick, O.B.E., M.C., hon. 
life Fellow A.S.M.E., Comp.I.Mech.E., chairman 
of Urwick, Orr and Partners, management consul- 
tants, Urwick House, 29 Hertford-street, London, 
W.1, has been selected for the 1955 Wallace Clark 
International Management Award, presented by the 
Council for International Progress in Management, 
of the United States. 


Mr. Percy Evans, general sales manager, Hopkin- 
son Electric Co., Ltd., Cardiff, has been elected to 
the board of that company with the title of sales 
director. 


Mr. T. A. SWINDEN, B.Eng., administrative execu- 
tive officer, aero division, Rolls-Royce Ltd., Derby, 
has been appointed assistant to the director of the 
Engineering and Allied Employers’ National Federa- 
tion, London, and will take up his new duties on 
February 1, 1955. 


x *k * 


BUSINESS CHANGES 


On and from January 1, 1955, the title of 
C. RYAN & Co., 2-20 Capper-street, London, W.C.1, 
will be changed to CHARLES RYAN & Co. LTD. 

THE HOFFMANN MANUFACTURING Co. LTD. 
Chelmsford, Essex, have opened a new stockroom 
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at 30 Wes' Annandale-street, Edinburgh, 7. (Tele- 
phone : Ecinburgh BYPass 3942.) 

J. H. F nner & Co. Ltp., Hull, announce that 
asite has een chosen for the new FENNER-COCKILL 
belting faciory in India. This is at Kochadai on 
the outsk rts of Madurai, Madras State. Con- 
sructiona’ contracts have been placed and work 
commence i on the foundations. 

MANCUNA ENGINEERING LTD. are now building 
a large new single-storey factory in Denton, Man- 
chester. The first section, of 22,000 sq. ft., should 
be ready for operations in April, 1955. The pro- 
duction of a new type of dust-extraction plant and 
the firm’s industrial rubber crash door will utilise 
much of the space in the new works. 

BesTeEC (BRITISH ENGINEERS SMALL TOOLS AND 
EquipMENT Co. Ltp.), Buckingham House, Bucking- 
ham-street, Adelphi, London, W.C.2, announce the 
accession of three new member companies. This 
export organisation, specialising in aids to production 
engineering, now has members. The new 
members are JOSEPH GILLOTT & Sons (makers of 
alloy and tool steels), LEHMANN, ARCHER AND 
LANE LTp. (producers of taps, dies and thread- 
screwing tools), and SIGMA INSTRUMENT Co. Ltp. 
(manufacturers of machines and instruments for 
measurement and inspection). 

At a joint meeting of the boards of ADAMANT 
ENGINEERING Co. (LUTON) Ltp., and WESTERN 
MANUFACTURING (READING) LTD., agreement has 
been reached on a plan for a merger of interest, 
full details of which will be circulated to the share- 
holders as soon as possible. 

The headquarters of the AMERICAN FOUNDRY- 
men’s SOCIETY have been moved to Gold and Wolf 
Roads, Des Plaines, Illinois, U.S.A. 


x * * 
Letters to the Editor 


THE FLOW OF INFORMATION 


A Survey of the Iron and Steel Industry 


Sir, Your leading article “ Intelligence ” (Novem- 
ber 26), with its call for researches into ‘ the 
impact on the mind of intelligence coming from 
various sources and presented in various ways,” 
prompts me to draw attention to our own 
modest contribution to this object. A study is 
being made in B.I.S.R.A. of the flow of technical 
information into and within the iron and steel 
industry. The aim of this investigation, which 
is financed by a Conditional Aid grant, is, by 
improving the methods by which technical 
information reaches the persons who can most 
usefully apply it, to increase the speed and 
efficiency with which improvements and innova- 
tions having a direct bearing on production 
processes are introduced into firms. 

_ One difficulty in making this kind of analysis 
is that comparatively few of the sources of this 
applied information can be traced and defined 
as separate entities, the intervention of which 
has led to recognisable application; most 
sources have numerous interconnections and 
are, in varying degree, informal, complex and 
difficult to isolate. In practice, few items of 
information arrive “‘ packaged” from one ex- 
clusive source ready for application. It is not 
intended, therefore, to treat in a rigid fashion 
this concept of the sources of knowledge but to 
Inquire into as many channels of information as 
can be found and to consider their inter-action. 
For this purpose, technical information arising 
mainly inside the firm and that arising mainly 
outside are being compared. 

Specific sources which may be mentioned are 
the firms’ own employees and special organisa- 
tions such as research departments and labora- 
tories, works libraries, information offices, and 
meetings and conferences. Others, mainly ex- 
ternal to the firm, are B.I.S.R.A. and other 
research bodies, the universities, technical col- 
leges nd public libraries, learned societies and 
Instit\\\ions, trade associations and other firms, 
Perio: icals and books, and formal as well as 
infor: al conferences, meetings and contacts of 
all k nds. Not all of these lend themselves 
readi » to quantitative measurement, but where 
Possi' le the data are being analysed statistically 
and elated to the size of firm, the product 
mani .actured, the degree of organisation of the 


‘ 


flow of technical information, and the effect of 
different methods of presentation. The use of 
technical periodicals, for instance, is being 
investigated in this way, as is also the degree of 
response to B.I.S.R.A. information-reporting. 

When more is known of these ** mechanics ”’ it 
is intended to undertake a number of studies 
where improvements and innovations have been 
introduced, and to consider the effect of the 
different channels of technical information. An 
encouraging feature of the investigation is that 
firms have asked for suggestions concerning their 
special problems, and some recommendations 
have been made. Moreover, in many cases the 
fresh contact with our members on this topic has 
led to improvement in our service to them. It 
is intended to develop this side of the investiga- 
tion in all contacts with firms. 

Yours truly, 
M. L. PEARL, 
Information Section. 

British lron and Steel Research Association, 

11 Park-lane, 

London, W.1. 
December 14, 1954. 


x k * 


ENGINEERS IN BRITISH 
TRANSPORT 


Greater Recognition Needed for 
Future Expansion 


Sir, The leading article in your issue of Decem- 
ber 10 refers to the “‘ surprisingly small ” number 
of chartered civil, mechanical and electrical 
engineers on the staff of the British Transport 
Commission at the present time. The findings 
of a committee recently appointed by the Guild 
to inquire into the status of professional engineers 
in this field suggest that this situation is neither 
desirable nor inevitable. The committee con- 
cluded that salary scales in the middle and upper 
ranges were abnormally low, comparing un- 
favourably with those in central and local 
government, and that there existed no satisfac- 
tory representation for professional engineers 
on the negotiating machinery. It appeared that 
these conditions were having an adverse effect 
on the recruitment and retention of suitable 
professional engineering staff, which was making 
it increasingly difficult to fill senior positions 
with professionally qualified engineers. 

If these conclusions are correct, they throw 
a new light on the present situation and must 
cause considerable concern when set against 
the vast programme of modernisation and ex- 
pansion which the Commission has recently 
announced. The execution of such a pro- 
gramme must require a substantial increase in 
the size of the professionally qualified staff and 
the Guild is at present in touch with the Com- 
mission in the hope that some improvement 
in the existing conditions can rapidly be effected. 
The new system, discussed in your article, is 
intended to mark the beginning of a new era 
on the railways, but this will achieve little unless 
it is accompanied by a new recognition of the 
needs and of the potentialities of the profes- 
sionally qualified staff, on whom for their 
successful running the railways depend. 

Yours faithfully, 
J. H. W. TURNER, 
Honorary Secretary. 
Engineers’ Guild Limited, 
78 Buckingham-gate, 
London, S.W.1. 
December 16, 1954. 


xk k * 
Obituary 
MR. E. T. HIPPISLEY, M.A. 


Electric Traction 
We regret to record the death of Mr. E. T. 
Hippisley, which occurred at Leamington Spa 
on Thursday, December 9, at the age of 61. 
He was an acknowledged authority on electric 


813 


traction, with which subject he had been con- 
cerned throughout his professional career. a 

Edward Townsend Hippisley was born on 
July 20, 1893, and was educated at St. Petegs 
College, Westminster, and at Trinity College, 
Cambridge, which he entered in 1912. His 
studies there were, however, interrupted by the 
war and it was not until June, 1919, that he 
obtained a Bachelor of Arts degree with honours. 
He became a Master of Arts in 1935. During the 
1914-18 war he served in the Royal Artillery 
and the Royal Engineers, eventually retiring 
with the rank of captain. 

After leaving Cambridge, Mr. Hippisley 
became a student-apprentice with the British 
Thomson-Houston Company at Rugby and 
subsequently served as a junior engineer in the 
electric traction department of the firm, where 
for a time he specialised in motor design. From 
1929 onwards he was responsible for carrying 
out contracts for electric and Diesel-electric 
locomotives until, in 1936, he was appointed 
manager of the department, a position he was 
holding at the time of his death. 

Mr. Hippisley was elected an Associate 
Member of the Institution of Civil Engineers in 
1941 and of the Institution of Mechanical 
Engineers in 1936, being transferred to the class 
of Member in the latter body three years later. 
His connection with the Institution of Electrical 
Engineers began in 1935 when he was elected an 
Associate Member. He became a Member in 
1938. In 1936, he was awarded an Extra 
Premium for a paper on ‘“* The Choice of Electric 
Traction Motor Equipment by the Method of 
Similar Speed-Time Curves,” which he read 
before the last-named institution He was 
also the author of a paper on “‘ Achievements of 
British Engineering in Overseas Railway Elec- 
trification ’ and, jointly with Mr. F. E. Butler, of 
a paper on “Control Gear and Auxiliary 
Machines for Direct-Current Multiple-Unit 
Electric Trains.” These were both presented 
to the Convention on Electric Railway Traction, 
which was held in 1950. 


“= &® ® 
MR. JOSEPH MAUDSLAY 


Member of Distinguished Engineering 
Family 

A direct link with Henry Maudslay, the great 
pioneer of precision in mechanical engineering, 
has been severed by the death on December 10 
at his home, near Farnham, Surrey, of Mr. 
Joseph Maudslay, whose grandfather, also 
Joseph Maudslay, the fourth son of Henry 
Maudslay, was a founder member of the Institu- 
tion of Naval Architects and introduced a number 
of innovations in the early days of marine steam 
engineering. Mr. Maudslay was 74 years of 
age. 
"cea Maudslay was born on November 14, 
1880, and was educated at a private school in 
Bedford and at the Isle of Wight College. On 
April 1, 1897, he commenced an apprenticeship 
to mechanical engineering in the Lambeth works 
of Maudslay, Sons and Field, Limited, the 
family firm founded by his great-grandfather, and 
remained there until the works closed in June, 
1900. He then went for a short period to 
Wallsend-on-Tyne, where he worked as an 
improver with the North-Eastern Marine Engi- 
neering Company, Limited, before taking up 
residence in France for the purpose of learning 
the language, with a view to an appointment in 
Egypt. He went to Egypt in 1902, as mechanical- 
engineering overseer on the erection of two sets 
of steam pumping engines supplied by Sulzer 
Brothers, Winterthur, to the Société Egyptienne 
d’Irrigation. 

In 1903, Mr. Maudslay joined the staff of the 
Egyptian State Railways as an assistant superin- 
tendent of stores and two years later was trans- 
ferred to the locomotive department as assistant 
superintendent of the Luxor-Aswan line. Twelve 
months later, he was made Superintendent of the 
same line, with full charge of all three of its 
departments, locomotive, permanent way, and 
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traffic. In this capacity, he was responsible for 
all rail and quarry traffic in connection with the 
heightening of the Aswan Dam and the construc- 
tion of the Esna Barrage. On completion of the 
work, he was awarded the Order of the Medjidieh 
by the Imperial Ottoman Government. 

His next appointment was as _ Divisional 
Locomotive Superintendent for Upper Egypt, 
a position which he held for only some 18 months 
before being made Assistant Chief Mechanical 
Engineer of the whole railway system. He 
retained that office throughout the first World 
War, receiving special commendation from the 
Australian Government for his work in connec- 
tion with the transport and maintenance of the 
Australian Royal Engineers in the Gallipoli 
campaign. He relinquished the post in 1919, 
On appointment as Secretary General to the 
Egyptian State Railways, Telegraphs and Tele- 
phones, and subsequently Assistant General 
Manager. As such, he represented the Egyptian 
Government at the International Railway Con- 
ference in Rome in 1922, and was awarded the 
Order of the Nile, Third Class. 

When the British Protectorate in Egypt came 
to an end in 1922, Egyptian officials gradually 
took over the positions previously held by 
Europeans. Mr. Maudslay therefore returned 
to England in 1924, to devote himself to studying 
the possibilities of Diesel rail traction, principally 
in association with Messrs. Davey, Paxman and 
Company. On their behalf he visited Denmark 
and Switzerland to investigate developments 
there, as a result of which the firm proceeded 
to design the first Diesel engine to have a 
fabricated frame. On the outbreak of war in 
1939, he was engaged by the Ministry of Supply 
to organise the Allocation Section of the Central 
Priority Department, and two years later was 
appointed Commandant of the ammunition depot 
at Pontrilas, Herefordshire. At the close of the 
war he formed a company to develop trade with 
Egypt and the Middle East, and continued to 
take an active part in its affairs until ill health 
obliged him to retire. 

Mr. Maudslay was a Member of the Institution 
of Mechanical Engineers, which he had joined 
as an Associate Member in 1906, and, for many 
years, of the Institution of Locomotive Engineers. 
He had also served on the Council of the Anglo- 
Egyptian Chamber of Commerce. When the 
Maudslay Society was formed in 1942, to 
establish a scholarship to perpetuate the memory 
of Henry Maudslay, he was one of the original 
members of the Society and of its Committee, 
and served as President in 1945-46. He was 
keenly interested in the history of engineering, 
and it was due to his initiative that a set of 
Maudslay taps and dies, which otherwise might 
have disappeared in the sale of the Lambeth 
plant in 1900, was preserved and eventually 
presented by him to the Science Museum, to 
represent the kind of screwing equipment in 
use before Whitworth—who had worked for 
some years at the bench in Maudslay’s shops— 
introduced his standard screw threads in 1840. 


= 2 2& 


We regret also to record the deaths of : 

Mr. TRAVERS CAREY Wyatt, O.B.E., M.A., at 
Cambridge on December 11, at the age of 67. He 
was appointed University Lecturer in the Faculty 
of Engineering in 1926 and was elected a Fellow of 
Christ’s College, Cambridge, in 1921 and a Bursar 
in 1937. Mr. Wyatt was elected an associate 
member of the Institution of Civil Engineers in 1915. 

Mr. ERNEST PIKE LUCKING, M.I.E.E., on Decem- 
ber 9 at the age of 64. He was manager of the 
London and district sales office of George Ellison 
Ltd., Perry Barr, Birraingham, 22B, from 1914 until 
his retirement in January of the present year. He 
was also a director of Nathan and Allen Ltd. 


_ Mr. Ernest Epwarpb SuarpP, M.I1.E.E., at his home 
in Newlands, Cape Town, South Africa, on Decem- 
ber 13, at the age of 75. He was for many years 
a director of Venner Ltd., New Malden, Surrey, 
and went to live in South Africa some time ago. 
Mr. Sharp was a past member of Council and 
member of the Overseas Activities Committee of 
the Institution of Electrical Engineers and, in 1938, 
Served as President of the Electrical Industries 
Benevolent Association, 
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FRICTION BETWEEN SURFACES 


RECENT DISCOVERIES AND THEIR APPLICATICN 
TO ENGINEERING 


New discoveries concerning friction between 
rubbing surfaces and their application to 
engineering problems provided the subject of the 
forty-first Thomas Hawksley Lecture, delivered 
at the Institution of Mechanical Engineers on 
Friday, December 17, by F. P. Bowden, Ph.D., 
Sc.D., D.Sc., F.R.S.* The lecture was entitled 
“Recent Studies of Metallic Friction’ and 
dealt with research carried out by the author 
and his colleagues in the Laboratory for the 
Physics and Chemistry of Surfaces, Cambridge. 

Dr. Bowden suggested that few physical 
processes were simpler to describe than that of 
one solid sliding over another, but, although its 
two fundamental laws had been formulated at 
the time of the Renaissance by Leonardo da 
Vinci, the nature and causes of friction had 
remained obscure until the introduction of 
modern scientific methods and instruments. 
The first of the laws stated that friction was 
independent of the size of the surfaces in contact, 
and the second that it was proportional to the 
normal reaction between them; and in seeking 
an explanation of these laws, it had been 
necessary to make a detailed microscopic 
examination of the sliding surfaces. 


* Reader in Physical Chemistry, Head of Research 
Laboratory for the Physics and Chemistry of Surfaces, 
Department of Physical }Chemistry,! University] of 
Cambridge. = 
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Fig. 1 Section showing a copper fragment 


adhering to a steel surface after one sliding pass. 

Surfaces in contact rest on a few small irregular- 

ities so that pressure welding occurs. Resistance 
to shear at the junctions causes friction. 





Fig. 2 Auto-radiograph of a nail-head previously 
struck by a hammer. The hammer is radioactive 
and the metal transfer can thus be recorded. 


It was found that most of the surfac:s used in 
engineering practice had irregularitie’ of gop. 
siderably greater amplitude than 1,000 A; thus 
if two solids were placed together, the top surface 
would be supported on the summits of ihe highest 
irregularities, and the areas in intimate contact 
would be small. Detailed measurements, hag 
shown that for flat steel surfaces, the ‘total 
contact area, which varied with the load, might 
be less than one ten-thousandth of the apparent 
area; and, although with larger surfaces the 
points of contact were more widely distributed, 
the contact area was almost independent of 
surface size. Moreover, the area was very little 
influenced by the shape of a surface or its degree 
of roughness. 


PLASTIC FLOW AND WELDING AT 
POINTS OF CONTACT 


It followed that the local pressure at these 
small points of contact was very high, and the 
lightest loads would probably cause plastic flow 
of even the hardest metals. Although there 
would also be elastic deformation in the vicinity 
of the points, experiments suggested that the 
summits on which the load was concentrated 
would be crushed down plastically until their 
total cross-section was sufficient to support the 
applied load. The real area of contact was 
thus given by 

WwW 


Pin 
where p,, is the yield pressure of the metal and 
W the applied load. 

There was also strong evidence that the intense 
pressure at the tiny points of contact caused 
adhesion or “ pressure welding,” so creating 
small metallic junctions between the surfaces, 
and it was to these localised adhesions that the 
friction of metals was largely due. Friction was 
in fact the force necessary to shear the junctions 
and was given by the expression 

F = As 
where s was the shear strength of the junctions. 

Not only did the two expressions given above 
provide a satisfactory explanation of the friction 
laws but also, since substances with large A- 
values would have small s-values, and con- 
versely, they offered grounds for expecting 
most metals—and indeed most plastic solids— 
to have similar frictional resistances. 

Occasionally, the shearing might take place 
at the interface but more frequently—on account 
of work-hardening in the contact region—it 
occurred a short distance beyond it. A metal 
fragment was detached from one of the surfaces 
and adhered to the other. The transfer of metal 
which took place in this way was not limited to 
surfaces of similar material but could occur from 
a hard metal to a soft one and also in the reverse 
direction. Fig. 1 shows in section a copper 
fragment (A) welded to a steel surface after a 
single sliding pass. 

It was worthy of note that the coefficients of 
friction (u = 0-3 to 1) normally observed with 
metals was due primarily to the presence on 
their surfaces of oxide films or adsorbed gas; if 
the metals were introduced into a high vacuum, 
cleaned and placed in contact, it would be 
impossible to slide them together at all. The 
metallic junctions grew to a large size, friction 
rose to a very high value and gross seizure 
occurred. 


RADIOACTIVE MEASUREMENT OF 
METAL TRANSFER 


A convenient method of estimating the amount 
of metal which was transferred at these localised 
regions of contact was to make one of the metals 
artificially radioactive and to measure with a 
Geiger counter, or by an auto-radiographic tech- 
nique, the quantity of metal adhering to the 
other surface after sliding had taken place. 
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Fig. 2 is an auto-radiograph obtained in this way 
showing the transfer of metal to a nail head from 
a radioactive hammer with a Vickers hardness 
number of 850. 

Transfer could also occur from _ riveters, 
screwdrivers, spanners, twist drills, lathe bits and 
from the jaws of vices to the articles secured in 
them. Table I indicates the quantity of transfer 
observed when sheets of various metals were 
gripped in a vice; the final column shows the 
increase of transfer which takes place when there 
is relative movement. 


TABLE I.—Metallic Transfer from a Vice. 


Metal Gripped in Metal Gripped in 


Nature of Vice: Total Transfer Vice and Struck: 
Gripped Metal from Both Jaws, | Transfer per Blow, 
| Microgrammes | Microgrammes 
Aluminium ia 0-60 | 8-2 
Brass = 0-53 | 5-8 
Copper .. eu 0-92 10-4 
Mild steel ae 0-46 5-6 





FATIGUE AND CORROSION CRACKS 


The consequences of this effect might be con- 
siderable, and in the production and application 
of spectroscopically pure metals, for example, 
the transfer from tools might seriously impair the 
quality of a finished article. Minute impurities 
caused in this way could initiate electro-chemical 
corrosion, destroying the metal’s protective oxide 
film and giving rise to local corrosion cracks and 
harmful stress concentrations; this was particu- 











1) Fig. 3 A steel ball 
_ freely suspended in a 
vacuum by means of an 
electro-magnet is used 
to study friction between 
surfaces moving at high 
relative speeds. The 
ball: is spun at over a 
million revolutions per 
minute by a rotating 
magnetic field and sur- 
faces are brought into 
contact with it. 


larly the case.in adverse environments. It was 
also conceivable that the trarisferred metal frag- 
ments played some part in fatigue. 

In forming the metal splints used in ortho- 
paedic surgery there was special need for care, 
since these parts were screwed or bolted per- 
manently to bones, and impurities could lead to 
tissue infections. The tools used in making these 
items were frequently not of a stainless nature 
and it was possible that the inflammation some- 
times experienced was due to the action of small 
impurities introduced in this manner. 

Metal transfer and its consequences could be 
reduced in several ways. Although transfer was 
greater between like than between unlike metals, 
the use of similar metals for tools and work- 
piece might serve to eliminate impurity inclusions; 
where this was impossible, however, the relative 
hardness of the metals could be controlled so 
that transfer would take place predominantly in 
one direction—from the soft to the hard metal. 
By guarding against slip between surfaces the 
displacement of particles could be limited, but the 
simplest and most effective method was lubrica- 
tion. Oil diminished the amount of metallic 
contact and so hindered the growth of junctions 
and it was found that where a lubricant was 
present in drilling or turning operations the 
transference was negligible. ' 


NON-METALS AND 
HIGH TEMPERATURES 


The author of the lecture also discussed the 
qualities of molybdenum disulphide (described 


Fig. 4 Wear on sur- 
faces at various rela- 
() tive speeds. (a), (5) 

and (c) are copper and 
| thespeeds are: (a) 3 ft. 
per second (normal 
abrasion), (5) 500 m.p.h. 
(flow of metal), and (c, 
1,200 m.p.h. (surface 
flow). (d) shows sliding 
' wear on bismuth at 800 
m.p.h. (molten drop- 
lets). Copper melts at 
1,083 deg. C.; bismuth 

at 271 deg. C, 
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in ENGINEERING, August 6, page 171, 1954) and 
PTFE (polytetrafluoroethylene). An article on 
the use of this plastic substance in conjunction 
with a bronze matrix for bearings appeared 
in ENGINEERING (December 3, page 728, 1954). 
The coefficient of friction of PTFE (u = 0-05) 
varied little with temperatures up to 250 deg. C. 
and remained the same under high vacuum. 

The temperature rise that occurred during 
sliding was likely to be very high, since most of 
the energy liberated was dissipated in the form 
of heat, and since, in addition, the areas of 
contact between surfaces were very small. 
With metals of high melting point, temperatures 
of from 500 to 1,000 deg. C. had been observed. 
Three methods of determining surface tem- 
perature had been developed: a thermo-electric 
method in which the surfaces themselves served 
as a thermometer and measurements were made 
of thermo-electric potential; a visual or photo- 
graphic method, which depended on the colour 
of light emitted from hot spots; and an infra-red 
cell method, which also provided a measure of 
radiation,’ Hot spots and flying particles caused 
by friction sometimes initiated the ignition of 
gas mixtures, such as fire-damp. in coal mines; 
this problem was dealt with in the lecture, 


REDUCED FRICTION AT HIGH SPEEDS 


' The friction effects so far considered occurred 
at sliding speeds of about 20 to 50 m.p.h.; to 
investigate friction at much higher relative 
speeds, such as 1,000 or 2,000 m.p.h., use was 
made of a technique for locating a metal sphere 
in a vacuum and spinning it freely. The sphere 
was suspended by an electromagnet arranged 
to balance automatically any tendency for the 
sphere to rise or fall. The sphere was set 
spinning by means of a rotating magnetic field 
whieh could progressively increase the sphere’s 
speed to values of a million revolutions per 
minute or more, and resistance to this motion 
was maintained at a minimum by.sealing the 
equipment in an _ evacuated chamber. The 
sphere carried an etch mark so that light reflected 
from it and, detected by a photo-multiplier cell, 
enabled the frequency of rotation to be recorded. 
Three vertical surfaces located symmetrically 
were provided to offer friction to the sphere’s 
motion; one, which was spring loaded, brought 
the sphere into contact with the other two, 
This apparatus is illustrated in Fig. 3, 

In Fig. 4 can be seen the wear on three copper 
surfaces (a, b and c) and one bismuth surface (d) 
produced in this way. With the copper surfaces, 
the motion is from left to right, and with the 
bismuth surface, towards the top of the figure, 
and the sliding speeds are, respectively: 3 ft. 
per second, 730 ft. per second, 1,760 ft. per second, 
and 1,170 ft. per second. Figure (a) shows 
normal abrasion, (5) flow of metal, (c) surface . 
flow, and (d) solidified molten-metal droplets. 
Copper melts at 1,083 deg. C, and bismuth at 
271 deg. C. 

Two important conclusions followed from 
these experiments: firstly, that at high speeds 
frictional resistance to the sliding of metals 
could be much less than at normal speeds and, 
secondly, that the wear per unit distance of 
sliding could be considerably reduced. a 

The author also dealt with rolling friction 
and referred to a simple experiment to show that 
interfacial slip in rolling was negligible, and 
therefore that observed frictional losses arose in 
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Fig. 5 To show that interfacial slip in rolling is 

negligible, a loaded metal cylinder is rolled on a 

rubber surface. The inked edges of the diametral 
hole XY leave an imprint, 
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some other way. A cylinder (Fig. 5) was 
rolled under load on a rubber surface; the 
edges of a diametral hole drilled through the 
cylinder were inked and could thus leave an 
imprint. It was found that the imprint so 
caused was clear, and elliptical in shape. The 
cylinder had therefore measured out its periphery 
on a stretched rubber surface and slip could be 
assumed to be negligible. Losses arose primarily 
from elastic-hysteresis in the rubber and the 
experiment consequently explained the small 
effect of lubricant films on rolling friction. 

In the lecture the author covered, in addition, 
such subjects as relative rolling slip of balls in 
grooves, the frictional properties of non-metallic 
solids at high temperatures and the process of 
skiing on snow, with some observations on the 
high-speed quality of ski incorporating a PTFE 
running surface. 


x *k * 


BOOKS RECEIVED 


Some of the books noticed in the Books Received 
column are selected for extended review in later issues 
of ENGINEERING. 


The Dielectric Properties of Wood. By R. F. S. 
HEARMON and J. N. BurcHAM. Forest Products 
Research Special Report No. 8. Published for the 
Department of Scientific and Industrial Research 
by H.M. Stationery Office, Kingsway, London, 
W.C.2. (ls. 6d.) 


This report contains the results of work carried out 
at the Forest Products Research Laboratory on the 
permittivity and loss tangent of various species of 
timber. It was found that permittivities change 
uniformly with moisture content and frequency. 
They are closely related to density, and the report 
suggests a method of predicting approximately the 
permittivity of any timber. Values for loss tangent 
vary widely, and it is impossible to predict them with 
any accuracy. 


A Study of the Interreflection of Daylight using Model 
Rooms and Artificial Skies. By Dr. R.G. Hopxkin- 
SON and J. LoNGMorRE. National Building Studies 
Research Paper No. 24. Published for the 
Department of Scientific and Industrial Research 
OC >" M. Stationery Office, Kingsway, London, W.C.2. 

In designing buildings the problem of predicting the 

amount of daylight, both direct and reflected, that 

will reach a given point in a room is a difficult one. 

This paper discusses the problem, describes studies 

carried out with the aid of model rooms, and gives 

methods of calculating the daylight factor at any point 
inaroom. A method has been devised of making the 
necessary computations on a specially-designed slide 
rule calculator which is to be produced commercially. 


Mackrow’s Naval Architect's and Shipbuilder's 
Pocket Book: Formulz, Rules and Tables for 
Marine and Surveyors. Revised by 

LLoyD WOOLLARD. Fifteenth edition. The Tech- 

nical Press, Limited, 1 Justice-walk, Lawrence- 

street, London, S.W.3. (55s.). 


Since the publication of the last edition, many 
advances have been made in shipbuilding. These 
include the introduction of new materials for ship 
construction such as aluminium alloys and plastics, 
the adoption to a large extent of welding instead of 
riveting, the extension of the Ministry of Transport 
regulations to cover accommodation, fire protection 
and watertight subdivision in detail, and the amend- 
ment of Admiralty requirements and Lloyd’s Rules. 
Data on such subjects have been included in the 
new edition so far as is practicable. 


The Electric Motor Industry: Capital Requirements 
and Operating Ratios. Prepared for the Foreign 
Operations Administration, Industrial and Tech- 
nical Assistance Division, by the University of 
Pennsylvania in co-operation with the United 
States Department of Labor. Distributed in 
Great Br:tain by the British Institute of Manage- 
ment, 8 Hill-street, London, W.1.  (5s.) 


This report is one of a series designed to help in 
providing the financial data for making international 
comparisons of businesses of similar types and sizes. It 
provides information on capital use, costs and profits 
of selected American industries in a form facilitating 
comparisons with their counterparts abroad. Per- 
centages and ratios have been used to avoid the 
difficulty of converting American financial data into 
different national currencies. 
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RESEARCH IN AUSTRALIA 


2—RADIO AND ATMOSPHERIC PHYSICS, BUILDIN 5 
MATERIALS, TIMBER, AND MINERAL RESOURCE } 


The expansion of industry in Australia, acceler- 
ated during the war, has continued vigorously 
since the war. There has been a parallel increase 
in the work of research organisations in 
Australia, some directed towards helping industry 
and some towards helping agriculture. In the 
first of these two articles on the Fifth Annual 
Report of the Commonwealth Scientific and 
Industrial Research Organisation, published in 
last week’s issue of ENGINEERING (page 785), 
research into various subjects allied to engineer- 
ing was the main topic; bearing surfaces, creep 
phenomena in lead alloys, measurements of length, 
mass, moisture and light, and behaviour of metals 
at low temperatures. In the present article the 
research discussed is devoted to problems in air 
navigation, atmospheric physics, agriculture, 
buildings materials and mineral resources. 


AIDS TO AIRCRAFT NAVIGATION 


Some of the most important and original 
work of C.S.I.R.O. is concerned with radio 
technology and extra-terrestrial physics. Of 
especial potential value is the application of 
radio techniques to the navigation of aircraft 
over distances of about 1,000 miles, None of 
the long-range radio aids at present in use is 
entirely satisfactory for the navigation of civil 
aircraft because simple, automatic presentation 
of the information is lacking. Some years 
ago the Radiophysics Division developed a short- 
range distance measuring equipment which has 
proved very successful. The possibility of 
extending the same radio principle to long-range 
navigation is therefore being actively explored. 
The reliability of propagating high-frequency 
** sky ” waves by reflection from the ionosphere 
is under investigation with a radar-type beacon 
installed at Townsville, Queensland, which is 
triggered by pulses radiated from Camden, New 
South Wales. Multiple reply pulses, correspond- 
ing to various paths through the ionosphere, 
are received and photographically recorded at 
Camden. The paths involving reflection by 
the lowest (the E) layer of the ionosphere are 
the most stable in length and consequently most 
likely to serve for long-distance measurement 
and navigation. At the frequency (9-8 Mc/s) of 
the present experiments, signals via E layer 
reflection can be received throughout daylight 
hours, but at night reception is often patchy, 
even with high power signals—a phenomenon 
attributed to sporadic E ionisation over Brisbane. 
Any practical navigation system would require 
many channels, and the present measurements 
are therefore being extended to a lower frequency. 
Consideration is also being given to a variant 
of the existing short-range distance measuring 
equipment, such as would dispense with the need 
for a powerful transmitter on the aircraft being 
navigated. Instead, a transmitter would be 
located at each end of the long flight path and 
signals would be picked up by a receiver on the 
aircraft. By this system distance measurement 
would be most accurate along a Great Circle 
through the transmitters, and the principle thus 
appears particularly suitable for well-established 
long-distance routes. 


IRREGULARITIES IN THE IONOSPHERE 


More purely physical radio research has 
been concerned with the behaviour, during night 
time, of ionospheric ‘‘ winds.” Most of the 
observations so far have been confined to heights 
of about 200 miles, but with the aid of a newly- 
designed variable-frequency recorder, phenomena 
at greater, as well as smaller, heights are now 
being studied. Recordings of travelling disturb- 
ances have led to a comparatively simple explana- 
tion of irregularities in the} ionosphere, and 
enabled a global picture of seasonal and diurnal 
movements in the upper atmosphere to be con- 
structed from recordings that have been regularly 





made in many parts of the world throug out the 
past 10 years. In particular, the new. disco. 
vered information has permitted certain ‘heories 
of the mechanism of radio wave pro; agation 
to be checked. For instance, it has lo ig been 
known that an upward travelling radic ray js 
split into two rays in the ionospher:. The 
present investigation of travelling disturbances 
confirms that the two diverging rays are reflected 
and makes it possible to measure the separation 
of the reflection points. 

Other knowledge about the upper ionised 
atmosphere has been derived from studies of 
the rapid fluctuations of radio-stars which are 
analogous to the twinkling of visible stars, 
These effects are now being measured over a 
wide range of frequency by means of a radio 
spectrometer. Slow changes in the intensity 
of cosmic radiation are being observed on 16-m, 
wavelength. Also under investigation are theories 
of magnetic storms, and the still imperfectly 
understood causes of both the polar aurora 
and the non-polar, “ air-glow,” aurora which 
appears to emanate from the ionosphere. 
Incidental to certain work on the abnormal 
conductivity of the ionosphere and the drift 
velocities of ionisation under the influence 
either of air currents or electric fields, it has 
been discovered that the movement of ionisation 
is unstable at about 100 km. above the earth’s 
surface, at which level a uniform ionosphere 
(in theory) breaks up into clouds or patches 
of irregular density. This sporadic ionisation 
is believed to be responsible for anomalies in 
long-distance propagation of radio waves, and is 
at present being extensively studied in the 
United States of America as a possible practical 
means of ensuring continuous radio com- 
munication. 

During the year under review, in August, 
1952, the Union Radio Scientifique Inter- 
nationale met at Sydney and were able to see 
in operation several types of radio astronomy 
equipment that were then in advance of any in 
use elsewhere. They include a radio spectro- 
meter, which analyses the radio emission from 
the sun into its components in the wavelength 
range from 1-4 to 8 m; and a highly-directional 
32-aerial interferometer, used for studying in 
detail the emitting surface of the sun. Since 
that date, an experimental model has been 
constructed of a radically new type of directional 
aerial system for radio-astronomical studies of 
our galaxy at 4-m. wavelength. As long ago 
as 1947, Australian radio physicists located a 
discrete source of radio emission in the direction 
of the constellation Cygnus. Quite recently, the 
200-in. reflector at Mount Palomar Observatory 
has revealed that in the position first indicated 
by radio there are two galaxies in collision, so 
far distant as to be visibly resolvable only by 
the world’s most powerful telescope. For lesser 
distances, experiments with the 32-element 
interferometer are producing information about 
the physical conditions in the sun’s atmosphere, 
while the new radio-spectroscope has revealed 
the existence of “‘ harmonics ” in the “ burst ” of 
radio emission from the sun. This phenomenon 
not only furnishes a significant clue to the 
mechanism of “ burst” production, but also 
a means of measuring the velocity of the particles 
that are shot off from the sun during a “ burst 
and, in part, eventually reach the earth where 
they cause radio fade-outs, magnetic storms and 
aurore. 

Still nearer the earth’s surface, many phe- 
nomena of atmospheric physics and meteorology 
are being vigorously investigated. A recoverable 
glider for use in high-altitude work has been 
designed in co-operation with the Aeronautics 
Department of the University of Sydney. Its 
weight is 12 Ib., including a payload of 2 Ib., and 
it is intended to be carried by a balloon and 
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released at a predetermined altitude. Radio 
signals from a ground beacon automatically 
actuate the rudder so that the model always 
glides towards the observing station: truly a 
‘onificanit improvement on the aboriginal boom- 
erang! Pending the flight testing and service 
yse of these gliders, work has continued on the 
large-scale transport of heat and water by 
atmospheric currents at heights up to 50,000 ft. 
An exploratory study of continental trends in 
temperature and rainfall over periods of the 
order of a century has shown that the changes, 
especially over south-east Australia during the 

t 50 years, fit into a consistent picture of 
global changes. It is interesting to note that 
inland summer temperatures have, on the whole, 
declined appreciably, while summer rainfall in 
South Australia and Victoria has increased by 
20 to 50 per cent. 


FROST PROTECTION AND 
RAIN INDUCTION 


The more utilitarian aspects of meteorology 
are exemplified by a series of wind gust velocity 
measurements, carried out with rapid-response 
anemometers mounted on a radio mast in open 
country, at heights of 40, 210 and 500 ft. above 
ground level. Analysis of these records, now in 
progress, will provide valuable data for use by 
structural engineers. Further experiments have 
been carried out on the protection of orchard 
fruit from frost, by means of fans which draw 
down air from about 40 ft. above ground level 
where the temperature on frosty nights may be 
5 to 10 deg. F. higher than near the ground. In 
order to determine the most efficient design of 
fan, of a size suitable for use by Australian 
fruit farmers, recent trials have been made with 
a 12-ft. diameter airscrew of good aerodynamic 
form. This was found to give as good per- 
formance, with its axis tilted at 60 deg. to the 
vertical, as a 21-ft. diameter fan of cruder 
design, rotated with its axis vertical. The power 
consumption was about the same in each case, 
but the small fan is cheaper and more robust. 
Experimental results with fans, as regards 
increased air temperatures near the ground, have 
been promising with citrus fruit trees at a town 
called Griffith, but disappointing in the case of 
a pineapple field in Queensland, largely as a 
result of the smaller increase of air temperature 
with height above the field. Since the Queens- 
land pineapple crop is very valuable, such that 
losses due to frost damage amount to half a 
million pounds in some winters, the fan experi- 
ments are being continued and their results 
compared with those of oil-burning orchard 
heaters. The combination of fans with heaters— 
a system now much favoured in California—will 
also be tried. 


Another long-term meteorological research 
aimed at helping Australian agriculture has the 
specific objective of discovering whether it is 
practicable to influence the incidence and 
distribution of rainfall by artificial means. Study 
of atmospheric nuclei has shown that it is the 
comparatively larger hygroscopic nuclei, con- 
sisting of sea salt formed by the evaporation of 
Ocean spray, that are of major importance in 
determining whether clouds of minute water 
droplets are concentrated and precipitated as 
rain. These nuclei are collected for examination 
by exposing small prepared slides or fine spider 
webs to the air through which an aeroplane is 
flown. The process by which droplets coalesce 
is being investigated with the aid of a low-speed 
vertical wind tunnel. Experiments on_ the 
artificial production of rain by spraying silver- 
iodide smoke into suitable clouds, from an 
aeroplane, are also being continued with special 
reference to the way in which silver iodide 
diffuses on leaving the smoke generator, and to 
the extent to which it loses its effectiveness at 
a dstance. An alternative rain-making pro- 
cedi."e is to spray water droplets or hygroscopic 
nuc' i into the base of a growing cloud, so that 
the: are carried by rising air currents and grow 
by .ollision with cloud droplets, eventually 
falli g as rain when they become too heavy for 
the ipdraught to support them. Clouds have 





ENGINEERING December 24, 1954 . 


been significantly modified by this technique but 
not enough is yet known for its economic 
possibilities to be appraised. 


COSMIC RADIATION 


Research on nuclear physics and cosmic rays 
is in progress with the co-operation of the 
University of Melbourne. For the former of 
these subjects, a 200-kV electronic multiplier 
machine has been completed with the idea that 
it will primarily fulfil the role of a neutron 
generator. An existing electron synchrotron is 
being re-designed so as to produce electrons of 
25 MeV energy. The work on cosmic radiation 
includes the examination of nuclear emulsion 
plates exposed at altitudes of 18,000 ft. on the 
Himalayas, and the extension of the work to 
study cosmic radiation at considerably greater 
heights, and at different geographical latitudes, 
by means of balloons. The use of radio-active 
isotopes is now well established in Australia 
in many different fields of research, as well as 
medicine. Problems of irrigation, for instance, 
have been furthered by studying the diffusion of 
an isotope of sodium through soils, while work 
is in progress with other isotopes on the life cycle 
of certain types of cattle ticks. 


EXPERIMENTAL BUILDING 
MATERIALS 


The natural and artificial movement of water 
through soils is one of the most important 
subjects of investigation by the Soils Division of 
the Organisation. Much of this work is intended 
to assist the agricultural industries, but the 
appraisal of soils is also done for engineering 
purposes, as exemplified by an examination of 
soil conditions along the route of a proposed pipe 
line, made at the request of the Gas and Fuel 
Corporation of Victoria. Some of the most 
elaborate soil surveys have been conducted in 
connection with new building projects that are 
being actively pursued in most urban areas of the 
Australian mainland. The more strictly construc- 
tional aspects of building are the concern of a 
Building Research Division, a current investi- 
gation with great economic possibilities being 
directed towards the increasing use of lightweight 
aggregates for concrete and plaster, and of 
plaster of paris as a structural building material. 
Foamed concrete with improved properties has 
resulted from drying tests to determine the 
relation of shrinkage to moisture content, and 
the effects of particle size, grading and vibration 
on mechanical strength. An interesting new 
material being investigated is cellular calcium 
silicate, made by autoclaving a prefoamed mix 
of lime and silica flour. The optimum lime/ 
silica ratio has been determined and mechanical 
tests have shown that when the density of the 
cellular material is about 60 lb. per cu. ft., the 
achievable relationship of compressive strength 
to density amounts to 60, which is about four 
times that of ordinary concrete and half again as 
great as that of the high-strength concrete used 
for pre-stressing. 

The increasing use of concrete in domestic 
buildings has given rise to a series of experiments 
to appraise the effect of different floor surfaces 
on the temperature of the occupants’ feet. Ina 
recent extension of this work, subjects were 
seated in a controlled-temperature room with 
their feet resting on plain, or cork-tile surfaced, 
concrete slabs. The conclusions reached were 
that temperature is the only thermal factor 
affecting comfort, but that a proportion of the 
subjects under test were less comfortable on bare 
concrete than on cork tiles. Other building 
research is in active progress on lime, clay and 
products of which they are the characteristic 
constituents; on caulking compounds for joint 
sealing, especially of canal linings; and on 
bituminous roofing materials. In respect of this 
last class, the choice of bitumens for built-up 
roof construction in current Australian practice 
differs from that followed in some overseas 
countries. To compare such alternative prac- 
tices laboratory tests and pilot-scale trials have 
been made to estimate the pouring and spreading 
qualities of various bitumens, and to measure 
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the toughness of the bitumen bond. It appears 
that quite small variations in temperature 
markedly affect the rate of application, while 
prolonged heating at high temperatures causes 
embrittlement. The performance of experi- 
mental roof membranes constructed with asbestos 
fibre felts and coated with a single application of 
bitumen and aluminium paint has been consist- 
ently good and strikingly superior to that of rag 
felt membranes, which have suffered extensive 
puckering after prolonged exposure to weather. 
High purity lead, when used as a flashing 
material for roofs and masonry structures, has 
proved to be inferior to low-alloy lead compo- 
sitions in respect of fatigue endurance and 
resistance to corrosion by cement mortar. 


STABILITY TESTS ON TIMBER 


Valuable contributions to building and engi- 
neering are made by investigations of timber 
although the primary objectives of the Forest 
Products division of research are the identifica- 
tion and utilisation of native timbers, with which 
the general physics and chemistry of wood and 
its processing and preservation are closely 
associated. A good deal of mechanical testing 
is always in progress to accumulate data for use 
by engineers and architects, a recent advance in 
this direction being the use of electrical resistance 
strain gauges for large-scale creep testing and 
long-term studies of stability in structural timbers. 
In such work on green wood, aluminium foil is 
glued to the test surface to form a moisture- 
proof barrier for superimposed wire strain 
gauges. In the case of air-dry mountain ash, 
prolonged loading tests on beams have revealed 
that deflection continues to increase, by creep, 
over at least two years, attaining up to four times 
the initial deflection. Bending creep in hoop 
pine was not® significantly different, notwith- 
standing that mountain ash and hoop pine are, 
structurally, markedly dissimilar. Tensile creep 
also continues for 14 to 2 years, but produces a 
smailer increase in strain, and under compres- 
sion, the effects of creep are smaller still. Indeed, 
at stresses about 10 per cent. of the ultimate 
strength no creep at all has been observed in 
specimens that have been under continuous 
compressive loading for a year. In tension and 
bending creep does occur at this low stress, while 
a few months in shear, at a stress about } of the 
ultimate strength, was enough to cause a signi- 
ficant degree of irrecoverable deformation. 
Since nailed joints are an effective and econ- 
omical means of fabricating wood structures, 
reliable data are being collected by experiments 
with one- and two-nailed joints in native 
Australian species. The work entails measure- 
ment of splitting effects and withdrawal resist- 
ance for smooth-finished and lightly rusted nails. 
Other work of special interest to railway engineers 
is concerned with the plant and procedure for 
seasoning and preserving timber sleepers by 
artificial means. Vapour drying of eucalyptus 
sleepers by experimental treatment with chemical 
agents has given rather better results than those 
usually obtained by air drying to similar moisture 
limits. Subsequent preservation treatment of 
these dried samples by creosote at 1,000 Ib. per 
square inch pressure resulted in a creosote absorp- 
tion of 9 lb. per cub. ft. of wood and pene- 
tration to a depth of 1 inch below the sleeper 
surface. In the case of radiata pine sleepers, 
the combined vapour drying and low pressure 
preservation treatments required only 10 hours 
and resulted in creosote absorption of 74 to 
10 lb. per cub. ft. of wood, with penetration 
completely through the sapwood and }j in. to 
4 in. into the heartwood. Long-term field tests 
of sleepers, in co-operation with the South 
Australian Railways and Woods and Forests 
Department, have been in progress for many 
years. Six lots of radiata pine sleepers, pressure- 
treated with a preservative oil and installed in the 
track at various localities in South Australia 
have recently been examined after 17 years 
of continuous satisfactory service. They are 
still in good condition and may possiby 
outlast untreated jarrah sleepers that were 
installed at the same time as controls. Among 
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new sleeper woods now undergoing similar 
tests are three species of New Guinea mangrove, 
of which the potential supply in sizes suitable for 
rail sleepers is considerable. These species have 
the further advantage that they can be readily 
treated with preservative at low pressure, 
unlike the Australian eucalypts which need high 
pressures, up to 1,000 lb. per square inch. 

In a related investigation of round timbers, 
such as telegraph poles ancl fence posts, attention 
has been directed to non-pressure preserving 
techniques capable of being used by farmers in 
remote situations or in small post-office depots 
where large plant is not justified. A method 
of treatment by hot and cold spraying with a 
preservative oil has given satisfactory absorption 
by sapwood, equal to that obtained by the 
conventional open-tank process. The toxicity 
to timber-decaying life, and the resistance to 
leaching, are under experiment for a large number 
of wood preservatives. Another aspect of this 
same problem is exemplified by the use of benzene 
hexachloride as a constituent of plywood’ glue. 
During trials of nearly three years’ duration, 
commercial plywood with benzene hexachloride 
in the glueline has resisted attack by Lyctus 
borers. Consequent on this successful result 
extended experiments have been started on ply- 
wood made of veneers immunised against termite 
attack. 


MINERAL RESOURCES STUDIED FOR 
COMMERCIAL USE 


While chemical science plays a valuable part 
in practically every branch of the Organisation’s 
research work, there is a separate Division of 
Industrial Chemistry in which special attention is 
paid to the exploitation and processing of 
Australia’s mineral resources. Among the latter 
uranium figures importantly nowadays, and 
much work has been done on the extraction of 
uranium from the deposit of davidite ore at 
Radium Hill in South Australia. Methods of 
processing the more recently discovered uranium 
ore at Rum Jungle, in the Northern Territory, 
are under active investigation. Titanium, zir- 
conium, graphite and germanium are also being 
studied with particular reference to their com- 
mercial utilisation. Titanium nitride, for 
instance, has been prepared from rutile and is 
the subject of experiments to appraise its value 
for making sintered metal compacts (analogous 
to tungsten carbide), and as a component of 
electrodes and of the composite ceramic-metal 
compositions known as cermets. In the case of 
foundry sands, recent research has been directed 
towards the discovery of deposits suitable for 
modern shell moulding, and in testing samples by 
small-scale moulding and casting operations, or 
in producing synthetic foundry sands of improved 
qualities by the admixture of Australian bento- 
nite. 


CONDENSATION AND EVAPORATION 
OF WATER 


The contribution of physical chemistry to 
engineering is well exemplified by experiments 
with an experimental boiler and condenser to 
promote droplet condensation, and thereby to 
increase the rate of heat transmission and 
condensation for a given area of condensing 
surface. Various substances intended to render 
the surfaces hydrophobic, and thus to cause 
drop-wise condensation, have been tested but so 
far any useful improvement by such means has 
proved only transient. Other types of condenser- 
tube-surface treatment are being tested, and 
the fundamental mechanism and kinetics of the 
condensation process are being examined, for 
which purpose a quartz microbalance is under 
construction for gravimetric- measurement of 
water absorption on hydrophobic surfaces. The 
converse process—evaporation of water—in this 
case from the surfaces of reserve water supplies 
in the many areas of low rainfall on the Australian 
mainland, has been the subject of preventive 
experiments in which the water was covered with 
insoluble surface films of various substances. 
In many cases these films were strong enough to 
withstand wind and dust, but they failed, in 
general, to reduce the natural rate of evaporation, 


probably because they assist the heating of the 
water by sunshine. 

To conclude this survey of the C.S.I.R.O. 
Report it is desirable to emphasise, first that a 
large volume of research and development work 
on aeronautical and associated subjects is going 
on in Australia outside the scope of the Organi- 
sation’s activities ; and, secondly, that the scope 
of the Organisation embraces a tremendous field 
of investigation into agriculture, animal products, 
pestology and diseases, fisheries, foodstuffs and 
the like, that have hardly been mentioned in a 
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relatively brief survey primarily inte: 
be of interest to technologists in phy 
engineering. From what has here been i 
of the contribution of C.S.I.R.O. work 
part of Australia’s mechanical industrie: 
with confidence be inferred that the mc 
spread industries based on various f ; 
agriculture are being equally well served 
is every reason, therefore, to expect th... 
such expert guidance Australia’s co: 
prosperity will continue to flourish 
industries expand in variety and impoi 


Autumn Meeting of the Iron and Steel Institute (continued from page 787) 


FUEL EFFICIENCY IN STEELWORKS 
FURNACES 


On the second day, Thursday, November 18, 
of the two-day London autumn general meeting 
of the Iron and Steel Institute, the first half of 
the morning session was devoted to the presen- 
tation and joint discussion of two papers dealing 
with reheating-furnace design and the reheating 
of ingots in steelworks. 


REHEATING FURNACES 


The first paper, “‘ An Investigation of Reheat- 
ing-Furnace Design and Performance,” was 
by Mr. F. A. Gray and Mr. S. H. Brooks, of 
the United Steel Companies Limited. They 
stated that long- and short-period tests had 
been carried out on a continuous reheating- 
furnace as part of a project designed to provide 
basic data which would assist in putting furnace 
design on a more fundamental basis. The 
many variables affecting furnace performance 
had been measured and their inter-relationships 
studied. Apart from the well-known effect of 
output on furnace efficiency, it had been found 
that billets of 3 in. thickness and upwards 
required more fuel and were associated with 
higher flue-gas losses than thinner ones, at a 
given rate of output. The importance of furnace 
pressure had been amply confirmed. A _ tech- 
nique for continuously measuring the upper 
and lower surface temperatures of billets passing 
through the furnace had been developed and 
had enabled temperature-distribution in the 
stock, and heat-transfer rates to be measured. 
It was suggested that two-zone heating was 
desirable for all billets of 3 in. thickness and 
upwards, for good temperature equalisation 
in the stock. The results of the investigation 
had been applied to the re-design of the furnace 
tested and it was estimated that the resulting 
modifications should enable the maximum output 
to be increased by about 20 per cent. and give 
approximately a 20 per cent. saving in fuel. 

The second paper, on “ Internal Temperature 
Distribution in the Cooling and Reheating of 
Steel Ingots,” was by Emeritus Professor R. J. 
Sarjant, O.B.E., and Dr. M. R. Slack, both 
formerly in the Department of Fuel Technology 
in the University of Sheffield. They stated that 
the economical production of steel ingots 
depended on the correct choice of the variables 
of operation, namely, track time, heating time, 
and rate of heat input. The thermal history 
of steel ingots between casting and rolling 
could be satisfactorily calculated by numerical 
integration using a finite-difference solution of 
the heat-flow equation on a two-dimensional 
““mesh”’ representing the ingot mid-height 
section. The method consisted essentially of 
dividing into a suitable mesh or lattice the ingot 
cross-section in which the temperature distri- 
bution was to be investigated. The finite 
distances between the mesh points were used in 
conjunction with the finite-time increments to 
express the heat-flow equation algebraically. 
These finite-difference equations were applied 
successively at each point in the mesh, and a 
“step by step ’’ procedure resulted. The heat 
content or temperature, at zero time, was used 


to obtain the distribution after one time incre- 
ment, and so on successively. 

The minimum skin thickness which would 
support the weight of the ingot was given 
approximately by the formula: 

Minimum skin thickness (cm.) = 2-5 x ingot 

weight (tons) + 2. 

There was an optimum track time which 
ensured a maximum rate of equalisation of 
surface and centre temperatures. The suggested 
value of this optimum time, for the conditions 
investigated, was: 

Optimum tract time (min.) = 15 x ingot 

weight (tons). 

The limiting factor in the time required for 
reheating 8-ton ingots was the time required 
to attain a uniform surface temperature. This 
was not the case for 6-ton and 4-ton ingots, 
where the limiting factor was the desired standard 
of uniformity of internal temperature distribu- 
tion. The calculated conditions at the time of 
rolling were not limiting, but in no case was an 
ingot rolled with a temperature difference 
between the surface and the centre of more than 
145 deg. C. (4-ton ingot). 

Thermal efficiencies of the soaking pit varied 
between 0 and 50 per cent. over the heating period 
and could be correlated with the rate of heat 
utilisation, within the charge, per unit area of 
heating surface of the soaking pit. 


DISCUSSION 


In opening the discussion, Mr. H. Southern 
stated that the paper presented by Mr. Gray 
and Mr. Brooks furnished in greater detail than 
any previously published paper the operation of 
a continuous reheating furnace. The paper 
described a furnace having a hearth area of 
1,280 sq. ft. The authors stated that the furnace 
capacity was in the region of 40 tons an hour. 
He would rate it at more nearly 30 tons an hour. 

The work of Schack and Heiligenstaedt had 
been mentioned, and efforts had been made to 
compare the results of work on the authors’ 
furnace with the empiricisms of these physicists. 
Much work had still to be done on the question 
of thermal transfer within furnaces cf every type, 
and, at present, investigators were only on the 
fringe of the subject. 

Mr. D. Smith said that the paper by Mr. Gray 
and Mr. Brooks presented details of furnace 
trials which could seldom be found in the litera- 
ture. There was a tendency among investigators 
in this particular field, however, to look for far 
too simple an equation for the heat transfer in 
a furnace. - This had to be done in greater detail 
by ascertaining the actual temperature variations 
in the gas at various stages in the furnace. After 
several other speakers had joined in the dis- 
cussion, the authors made brief replies. 


FUELS AND PREHEAT IN OPEN- 
HEARTH FURNACES 


The next two papers were also discussed jcintly 
after presentation. The first, “ The Length of 
Oil and Gas Flames—Extension of Free F!ame 
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Relati. aships to Practical Conditions,” was 
by Mr. A. L. Cude, and was a paper of the Fuel 
Comn: itee of the Plant Engineering Division of 
BLS.2.A. Mr. Cude stated that a general 
equation for the length of free turbulent jet 
flames had been deduced from the theory of 
jets and confirmed by experiment. The equation 


r (+r as’ 
ri) /qs 
L. = $3 R J 7 
where L was the flame length in ft., rm, the 
theoretical air to fuel ratio for complete combus- 
tion, |b./Ilb., R, the ratio of jet fluid to fuel, Ib/Ib.; 
q, the volumetric flow rate of jet fluid in cub. ft. 
per second; s’, the density of jet fluid at the 
nozzle in lb. per cub. ft.; and u, the velocity of 
discharge of jet fluid in ft. per second. The jet 
fluid was that stream of fluid which supplied the 
momentum flux controlling the mixing process. 
According to the type of burner, it might be air, 
fuel, steam, or a mixture of air and fuel, or steam 
and fuel. 

The equation could be applied to fuels of 
widely differing calorific value, liquid and 
gaseous. A relationship had been found by 
which the length of the flame could be corrected 
for the effect of the combustion air momentum, 
which shortened the flame considerably when it 
was greater than the fuel jet momentum. A 
further correction for the elongation due to 
limited excess air had been deduced from the 
results of cold model experiments. 

The length of a straight jet flame should not 
exceed 3-5 chamber diameters; if it did, inter- 
ference from the walls reduced the combustion 
rate and increased the risk of bad combustion. 
Swirling flames expanded more rapidly and were 
affected earlier by the walls, but were not much 
shorter than straight flames. It was recom- 
mended that such flames should not be longer 
than half a chamber diameter. 

The second paper presented, which dealt with 
the “‘ Measurement and Influence of Preheat 
in the Open-Hearth Furnace,” was by Mr. W. P. 
Cashmore, research engineer at the Cardiff 
Works of the Guest Keen Iron and Steel Com- 
pany, Limited. He stated that relationshins 
between air preheat and working rate had been 
obtained for two 100-ton fixed furnaces and it had 
been found that an increase of 100 deg. C. in 
the preheat had led to an increase in working 
rate of about 0-5 tons an hour and a reduction 
in liquid fuel used of 2 to 3 gallons per ton. 
A comparison of the working rate and fuel 
consumption as functions of preheat for particular 
designs of single-uptake and double-uptake 
furnaces had suggested that the former gave 
better results for a particular preheat. The 
advantage, however, was offset to some extent 
by the increased pick-up of preheat due to the 
greater surface area of the brickwork in the 
uptakes of the latter, which resulted in a higher 
preheat for a given regenerator capacity. 


DISCUSSION 

Mr. R. Barber who opened the discussion 
said that Mr. Cashmore’s work would almost 
certainly lead others to try something of the 
same kind, and this was, therefore, an opportune 
time to emphasise the importance of using fairly 
accurate temperature-measuring devices and the 
dangers of using inaccurate ones. In the past, 
Ppyrometers had been used comprising a single 
radiation shield surrounding a thermocouple 
sheath, and it was now known that they were 
inadequate and probably operated at less than 
50 per cent. efficiency. This meant that the 
Pyrometer would be more than 100 deg. C. in 
error. It also meant, which was just as import- 
ant, that a 50 deg. C. change in the temperature 
o! the surroundings would have the same effect 
on the pyrometer as a 50 deg. C. change in gas; 
it was not possible to differentiate one from the 
other. Because of this, it was dangerous to 
eport results of this type without very careful 

nsideration. 

Mr. R. W. Evans said that he had a deep- 
scated conviction that preheat was one of the 
st important factors when considering the 
iciency of modern open-hearth furnaces, and 
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in the past, its importance had not been fully 
realised. J.S. Marsh, in his work at Bethlehem, 
U.S.A., had shown that for 100 deg. C. extra 
preheat 16 per cent. increased production could 
be reckoned upon. The effect of the higher 
preheat was to give a higher flame temperature, 
and that led to an increased capacity or speed of 
melting scrap. An increased speed of refining 
would not be expected, but, as the author had 
stated, a lower fuel consumption would be 
expected during refining by maintaining a high 
preheat. The major benefit was no doubt to be 
expected during the melting operation. One 
corollary would be that tilting furnaces which 
used up to 80 per cent. of hot metal, as against, 
say, 50 per cent. of hot metal in a fixed furnace, 
might expect less benefit, because they used less 
scrap and had to melt less. 


INCREASED OUTPUTS 


The author had taken two furnaces of similar 
capacity, one with a double uptake and the other 
with a single uptake, and he had said that, for 
equal preheats, the single-uptake furnace worked 
on an average 0-4 ton per hour faster than the 
double-uptake furnace. For both furnaces 
100 deg. C. extra preheat gave an additional 
figure of 0-5 ton per hour. The double-uptake 
furnace worked with 50-100 deg. C. higher 
preheat than the single-uptake furnace, and it 
was difficult to understand why, under those 
conditions, the single-uptake furnace worked 
faster than the double-uptake furnace. 


Mr. R. Mayorcas said that it could not be 
argued that more preheat was wanted. Professor 
Thring had calculated that an extra amount of 
preheat was of value, but it had also been 
calculated that 10 deg. C. higher roof temperature 
would give an increase in output, and it had 
often been shown that an increased fuel input 
to the furnace would give a greater output. 
On a system such as that of the open-hearth 
furnace, however, where almost everything was 
interrelated, it was very difficult to say that 
experiments had shown that a 100 deg. C. preheat 
increased the outpuf#by such and such a quantity. 

Furthermore, two things were expected from 
the furnace chequers: namely, high preheat and 
long life. It was of no use having a preheat of 
1,500 deg. C. for two weeks if in the following 
week the furnace were out of action, The 
approach adopted by B.I.S.R.A., therefore, was 
to see whether it would be possible to clean the 
gases first so as to take advantage of better 
designs of regenerators, which would be more 
efficient with the higher velocities and would also 
last longer. 

Mr. Sidney Williams said that the first attempt 
at liquid-fuel firing at the Cardiff works of 
Guest Keen Iron and Steel Company, had been 
remarkably good. As the furnace was allowed 
to remain for longer periods on liquid fuel, 
however, its efficiency had fallen off. They 
could not quite understand this, and had found 
that the same thing had happened with other 
furnaces. 

There was still a great deal of work remaining 
to be done on air preheat. There were several 
factors involved in getting higher temperatures. 
First of all it was necessary to have good com- 
bustion. It was also necessary to pay attention 
to the flow pattern of the waste gases passing 
out to the chequers. Again, the quality of the 
brick had an important part to play. As the 
brick within a chequer began to “ slag up” the 
air preheat dropped, because while the outer 
face of the brick was heated, there was no 
penetration into the interior. Air infiltration, 
moreover, was one of the worst things which 
could happen within a regenerator from the point 
of view of air preheat. 

Mr. Evans had asked to what they attfibuted 
the fact of one furnace working better than 
another for the same air preheat. To be candid, 
he did not know the exact answer, and all that 
he was able to say was that there must be a 
better form of combustion in the “ better” 
furnace, not from the air temperature but as 
a result of air direction, which was another very 
important factor. 
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Mr. G. G. Thurlow made a point on the 
question of interpretation. He said that when 
preheat and waste-gas temperatures were spoken 
of, what was often meant was the heat content 
of the gas in B.Th.U. or therms per cubic foot. 
This was satisfactory when referring to sensible 
heat, but needed further consideration if total 
heat were required. The effect of the latent 
heat of the moisture was probably well enough 
appreciated. The moisture in the preheat 
passed through the system without change of 
state and did not have much effect, but the steam 
injected and the moisture formed during the 
combustion added, in the case of an oil-fired 
open-hearth furnace, heat to the waste gases 
equivalent to the sensible heat produced by a 
change in gas temperature of about 70 deg. and 
180 deg. C., respectively. 

It has been suggested that two other factors 
could conceivably have an effect on the total 
heat of the waste gas, namely, dissociation and 
the heat content of the dust. Both these were 
rather unknown quantities. 


DIFFERENCES IN PREHEAT 


Mr. John W. Till said that probably all steel- 
men would agree on the factors which were 
responsible for differences in preheat between 
one furnace and another. They were presumably 
the design of the regenerator, the type and 
quantity of the filling, the design of the slag 
pockets and uptakes, heat losses through the 
brickwork, and the type of fuel used. The 
factors responsible for the differences in preheat 
during a campaign on a particular furnace 
could be assumed to be an alteration inthe 
amount of air infiltration, a change in heat 
transfer in the regenerator, due either to the 
blocking up or to the glazing of the chequer 
brickwork, the fuel input, and possibly the 
type of fuel. Moreover, there were chequers 
which were not fully heated up in the early part 
of a campaign, and there was also the factor of 
the loss of draught, which became very obvious. 

With regard to the furnace, the author had 
given data for the differences between a single- 
uptake and a double-uptake furnace. From 
these figures it seemed that, while there was a 
difference in preheat, there did not seem to be 
a significant difference in output. 

Mr. W. P. Cashmore said, in a brief reply, 
that he had spent much space in his introductory 
remarks in referring to other work because he 
had wanted to make sure that the efforts of 
other people in this direction, which were not 
very well known in this country on the whole, 
should be presented, because this work contained 
some facts which substantiated to some extent 
the points in his own paper. 

The analysis of the factors causing variations 
in preheat was a very complex problem. At 
present, they felt at Cardiff that the main factors 
were air infiltration and heat losses, and they 
were taking every step to reduce them. He had 
tried to emphasise in the paper that the fact 
that one single-uptake furnace seemed to work, 
for a given preheat, faster than another furnace, 
though the difference was largely counteracted 
by higher pick-up of preheat in the twin-uptake 
furnace in the top of the uptake, did not mean 
that all single-uptake furnaces were better than 
all twin-uptake furnaces. 

Mr. A. L. Cude also briefly replied to the 
discussion and the President then adjourned the 
proceedings until 2.30 that afternoon for the 
last technical session of the autumn meeting. 


To be continued 
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PRINTED CIRCUITS FOR RADIO 


Pye, Limited, Cambridge, have acquired an 
interest in Technograph (Printed Circuits), 
Limited. The two companies will co-operate 
in applying the principles of printed circuits to 
British radio and television, and in furthering 
the development and application of printed 
circuits through their organisation in. other 
parts of the world. 








































































































































































































































































































































































































THE VELOCITY OF BRITTLE 


FRACTURE’ 


TERMINAL VELOCITY SHOWN TO BE A DEFINITE 
FRACTION OF ELASTIC-WAVE VELOCITY 


By D. K. Roberts, M.A., and A. A. Wells, B.SC.(ENG.), PH.D. 


In discussing the propagation of Griffith-type 
cracks, it has been shown by Mott’ that the 
balance of energy should contain not only the 
terms relating to available elastic energy and 
surface tension (with or without the addition due 
to the plastic-work factor), but also that due to 
the kinetic energy of the material disturbed by 
the progressing crack. Thus the energy balance 
may be written:— 
kec* ca =) 0 


ra] — 
=(—s* +4eT+° 

(1) 
Here, > 


ac E 2E* 

ec". ; “ ; : , 

a ws is the difference in stored elastic 

energy between the infinite plate having the 
applied edge stress o, with and without the crack 
of length 2 c.2 (See Appendix I.) E is Young’s 
modulus. This term is the same whether the 
applied stress field is uni- or bi-axial, and is 
given for plane stress. The term 4c T arises from 
the work done against surface tension T in 
creating the crack surface. The third term was 
suggested by Mott on dimensional grounds, 
and contains the unspecified constant k, density p 
and the crack velocity ¢. If no energy may be 
added by external forces during propagation, 
the differential with respect to c of equation (1) 
is zero. Equation (1) may be written in the 


form:— 
=F Efi-S], . @ 


where 2c, is the critical crack length such that 


47 = 77S, 
Thus when c = &, ¢=0. When cS &, 


c> PE = i , where fz = is the velocity of 


elastic longitudinal waves in the material. Similar 
expressions might be anticipated for other 
crack configurations, but the constant k would 
not necessarily have the same numerical value. 


KINETIC-ENERGY DETERMINATION 


In order to evaluate k it is necessary to deter- 
mine the kinetic-energy distribution for a crack 
of instantaneous length 2 c, propagating at each 
end with velocity ¢. For displacements (u, v) 
at co-ordinates (x, y) the kinetic energy 


becomes :— 
K. BE. = 4pc* ¥ ¥ [(=) + (=) ] dx dy 
weasel. Lew 
2 E* 


Thus the kinetic energy is estimated for the 
whole plate extending to infinity. Strictly, the 
values of u and v should relate to a stress 


* Report to the Committee of the British Welding 
Research Association on the Influence of Residual 
Stresses in Welded Structures. 






distribution satisfying the relevant dynamic 
conditions, but in this case the static distribution 
is now used, with a justification given later. 
Strictly also, the boundary conditions at infinity 
should be those of constant extension during 
fracture, rather than constant stress. The latter 
condition leads to a simpler solution, which is 
justified in Appendix II. 

Westergaard® gives the following solution for 
displacements relating to the infinite plate with 
biaxial stress 

O =9,X¥>o 
%=7,y > co 
and the crack — by +c>x>- cy =0. 
Z =o -—— 
/ = =e 

For plane stress, where v is Poisson’s 
ratio :— 

E(l—»u=(1—2») ReZ— yImZ. 
E(1—v)v=2(1—»v) ImZ—yReZ. 





pEu=@ 2+ iy. 


(4) 





Z. 
6z ] 
He also shows that o,, at any point is independent 
of the existence of the crack. For the determina- 


; Oe. ; ‘ 
tion of 2c it is thus immaterial whether the 


biaxial (x, y->0; o,= o, =o) or a uniaxial 
(x, y->; o, = 0, o, = 2) solution is used, if 
o is independent of c. Thus equations (4) 
may be used unaltered for the solution of equa- 








tion (3). Further, from equation (4):— 
E(i—-vu _ ~ yes 
- =(1—2»)m Yon? pm? 
E(il —»)v mx + m’y 
— =2(1—»)m’—y woe 
(5) 
where 
2 = 





V (xt — y*— c¥)* + 4xty? + (x*— y"—c), 
2m’* = 

V (x? —y? —c%)?4+4x%y* — (x*— y*— c), 
the positive roots being taken, since m and m’ 
are always real. 





Now, if 
a= =, p=%, y=(a*— pt—1)* +40" 8, 
c c 
it follows that:— 
(1 — v)* ou) =) | 8v* — 12¥x 5 
————— _ _—_ Sc _—_—_—O 
E o® ff * (= 2 yt 


y— ee _ pom 3 2 1 
Gr 3 = 36D) | 4, at + 2844+ 1) 
2 yi 
4 (4v — 3) a? B*(a* + B* — 1) 


+ : —. © 
Y 
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Equation (6) is non-dimensional in 
The kinetic-energy density distribution c:riveg 
from it is shown in Fig. 1. This den ity jg 
infinite at « = 1, 8 = 0, and becomes smal: when 
« > 3, B > 10. 

When «=1, B=0, put «=2%+1. Then 
y=4(a* + 8B), if powers of « and £ greater than 
the second may be neglected in the denomi: ators, 
The integration may now be performed b«iween 
limits 1 Ss > % > —sand,s >8B>0O. When 


s=tandy = 4:— 
te)" (S1G) + = 
= 3:08s — 0:07s5* +... =0-77. (7) 


The remainder of the integral has been evalu- 
ated numerically and, since there is no conver- 
gence, the whole is now conveniently related to 


form, 


in) 


each chosen outer limit radius of integration a 
c 


27 
k have 
been determined from it (see equations (2) and 


(3)) and are plotted against ~ r in Fig. 2. 


with origin x = y=0. Values of 


It follows 


that if the displacements on immediately com- 
municated to the outermost parts of the plate, 
then the crack may only move with a very small 
terminal velocity. However, it also appears that 
the communication of these displacements is 
limited by the velocity of elastic waves themselves, 
and if the crack has grown to length c from a 
very small value c,, then the farthest wavefront 
will only have travelled the distance:— 


r_ [ke j 
ad ir 4 . (8) 


By reference to Fig. 2, the lower limit for = 
is then 0-38 and the farthest disturbance will 
reach ‘ = 2:62. Thus the crack velocity is 
given by:— 


c = 0-38 (9) 





The same expression may be proved to apply for 


plane strain if the value ————— 
(1 —v’) 
for E. 


Yoffe* has shown that the dynamic elastic 
stress distribution at the head of a crack, 
travelling with such a terminal velocity, does not 
differ greatly from the static distribution which 
has been assumed in the preceding analysis. In 
this respect, therefore, the terminal velocity 
calculation is unlikely to be much in error. 


is substituted 


COMPARISON WITH EXPERIMENT 


A number of investigators have published 
results of brittle crack velocity measurements 
in various materials, some of which are sum- 
marised in Table I. Only Edgerton and 
Barstow® simultaneously measured the velocity 
of longitudinal waves in their materials, so that 
conventional values have been given for the 
remainder. For the notch-brittle steel specimens, 
it has been shown independently’? that the 
critical crack size is still sufficiently small for 
the terminal velocity to be reached in specimens 
of the sizes to which the results of Table I 
relate. Boodberg and collaborators? measured 
velocities for fractures started from transverse 
slits normal to the direction of static tension in 
the centres of steel plates 72 in. wide and in. 
thick, so that their results alone, of those given 
for steel, satisfy accurately the conditions 
assumed for the foregoing analysis. Neverthe- 
less, the remaining results show that the terminal 
velocity does not depend greatly on the manner 
of producing the crack, if the stress field remote 
from the crack is not deliberately altered during 
propagation. (This might be the case with very 
high speed impact, or with transient thermal 
stress causing slow cracking. Both of these 
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effects have been observed in practice.) In 
general, the experimentally measured terminal 


velocities compare well with those calculated from 
the kinetic-energy analysis. 


TaB_e I.—Summary of Brittle Fracture Velocity Measurements 
































Vel. %, | Vel. v, 
of long. of o 
Investigator | Material | Type} waves, | fracture,, — | Date 
ft. per | ft. per Vo 
sec. sec. 
Schardin & | Glass — | 17,000 4,650 | 0-29 | 1938 
Struth® to 
5,150 
Fused — | 17,000 7,200 | 0-42, — 
quartz 
Hudson & | Steel Edge| 16,500 3,370 | 0-20 | 1947 
Greenfield 
Edgerton & | Glass Int. 18,000 5,000 | 0-28 | 1941 
Barstows @’ and 
edge 
Smith & Cellulose | Int. 3,700 1,000 | 0-27 | 1950 
Ferguson’® | acetate 
Int. 3,700 1,375 | 0-37 | — 
Kennedy? Steel Edge} 16,500 4,500 | 0-27 | 1945 
Boodberg & | Steel Int, 16,500 4,600 | 0-28 | 1948 
collabora- 
tors Int. | 16,500 6,600 | 040; — 
Robertson™ | Steel = | Edge! 16,500 6,000 | 0-36 | 1953 
CONCLUSIONS 


The agreement shown between the calculated 
and measured terminal velocities for brittle 
cracks in a variety of materials confirms 
the proposition first made by Mott that this 
velocity is governed by the supply of kinetic 
energy to the crack field. In addition, the 
result provides further evidence for Griffith’s 
proposition, for static or slowly applied loads, 
that the energy necessary to support a brittle 
fracture must be provided from the available 
part, at the instant preceding fracture, of the 
elastic energy stored within the body which is 
cracked. The influence of stress waves appears 
to be to limit the volume of material to which 
kinetic energy must be supplied, rather than to 
modify the stress distribution from the static 
values about the crack. 


APPENDIX I 


Calculation of the Available Elastic Energy 
for a Griffith Crack 


We are indebted to Dr. G. R. Irwin for the 
following simple derivation of the difference in 
Stored elastic energy between the infinite plate 
having the applied edge stress 0, with and without 
the crack of length 2 c. 

suppose the edges of the crack, when opened 

the stress o, enclose the volume V for unit 
thickness. Then in order to close the gap, 


normal tension stresses must be applied at the 
€ ge, starting at zero and increasing linearly 
v th displacement to the final value o when the 
£ap is closed. Thus the work is $+ Vc. Now, 
from equations (5) for plane stress it follows that, 


Distance from Origin of Crack, 


| 

8 9 10 
Pu 
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for the edge of the crack:— 
2 eopencinesiesidicinatinn 
v= — ve — x’, 





c 2'2 ao c* 
V=4 = ‘2 
{- v dx E 
Thus, the energy difference, 
2 72 
$V0 ==, . (10) 
APPENDIX II 


Edge$Conditions during Fracture 


It is frequently observed that elastic displace- 
ments remote from the crack remain constant 
during brittle fracture propagation in a stressed 
plate. Nevertheless, it has been usual, for the 
sake of convenience, to evaluate elastic energies 
for propagation using constant stress at infinity 
as a boundary condition, instead of constant 
displacement. In many cases this involves no 
error, but the following analysis is presented with 
the object of establishing the degree of error, 
both for elastic and kinetic-energy estimates. 

It is assumed that the generalised infinite plate 
sustains stress o and displacement 7 at infinity. 
x and y are co-ordinates, at which the displace- 
ments are u, v, while c is the crack length at any 
time. Thus:— 


v= 


f(x, y, ©). 


|@ mie 


v =—/&%Y,0. 

where X and Y are the co-ordinates of the“outer 
boundary reference point. 
Also:— 

Ev 
f (&, ¥, ©)’ 
and the total energy stored in the plate in the 
first instance is 


oc 


w=<a3, 


2 
where k is an arbitrary constant. 
Available elastic energy. 
(a) Constant stress 
OW _ ko Af (% Y, 0) 


dc 2E éc . 

Be .. 

= ES (%,. FO . 
(6) Constant extension 

k Ev? 
WwW = - ——_——_.. 

2 f (X, Y, o) 
Wk pal &Y0) 
ac 2 f* (, Y, 0)” 


Substituting again for o:— 


OW ko . 
wa-Eor ayo. . 2) 


and the only difference from equation (11) is 
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that of sign. Thus the constant stress condition 
gives correct values for available elastic energies 
if the sign correction is made. 


Kinetic energy. 

A similar general calculation may be made for 
a which is necessary for the kinetic-energy 
calculation. 

(a) Constant stress 








OF» Boas 
Ie EL HO + (13) 
(b) Constant extension 
Loa f (x, y, ©) 
f (X, Y, ©)’ 
Ov e 
x= 
5 f(X%, Y, Of’ (x,y, 0) — f’ (%, Y, 2) £, y, ©. 
f? (&%, Y, o) 
Substituting again for o, 
oe -£) f’ (%, Y, &) f(y, ©) 
ae ES HO) a {(®%Y,0 f' (x,y, 01" 


‘ (14) 
Thus the velocity is different by the bracketed 
correction factor. As compared with equation 
(13), equation (14) now gives zero velocity at 
‘In ‘estimating the error for the solution using 
equation (6), it is convenient to substitute polar 
co-ordinates r, 9 and R, 94 (with 9@ constant) 
instead of x, y and X, Y in the outer field. The 
a ‘ <a 
R® and is negligibly 
different from unity if R >r. For the inner 
field the co-ordinates p, 9 may be used, with 
origin at the end of the crack, together with R 
and the same value @ (approximately) for the 
reference point. Then the correction factor is 


1—K Re where K depends on » and @ and is 


correction factor is then 1 — 


of the order of unity. Again, this is negligibly 
different from unity, if R* > pc. Hence the 
assumption of constant stress at infinity is also 
valid for the kinetic-energy calculation given in 
the paper. 
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THE SAPPHIRE JET ENGINE 


It is announced by Armstrong Siddeley Motors, 
Limited, Coventry, that the Sapphire AS Sa 7 
turbo-jet engine has been type-tested at 10,200 Ib. 
thrust and has been approved for production 
by the Ministry of Supply. This performance 
was achieved without the use of re-heat or water/ 
methanol injection. The corres, »nding fuel 
consumption is 0-885 lb. per lb. thrus ver hour. 
The engine has a net dry weight of 2,9,~ lb., an 
overall length of 127-6 in., and a diamete:, over 
the trunnion mountings, of 37-4 in. 






































































































































































































































































































































Fig. 1 A constant-speed alternator supplied many of the electromagnetic vibrators. 
of vibration and atmospheric conditions was controlled by an automatic programme controller in 
the foreground on the right. 





The cycling 


TRANSFERRING FLIGHT CONDITIONS 


TO THE LABORATORY 


TESTS UNDER SIMULATED VIBRATION, VARYING 
TEMPERATURE AND HUMIDITY 


By H. V. Clarke* 


In 1948, a project for carrying out life tests under 
simulated operating conditions on _ aircraft 
components, in a more realistic manner than 
that normally adopted at the manufacturers’ 
works, was conceived by Mr. N. E. Rowe, then 
Controller of Long-Term Research and Develop- 
ment at British European Airways. At that 
time the Ambassador aircraft was on order for 
the Corporation and it was decided to carry out 
the research on components of the Ambassador 
so that test results and operational experience 
would be acquired simultaneously. Accordingly 
a contract for the design and construction of a 
suitable test rig was placed with the constructors 
of the Ambassador—Airspeed Limited, Christ- 
church, which has since become a division of the 
de Havilland Aircraft Company, Limited. This 
article is concerned mainly with the design of 
the rigs for imparting forced vibrations and a 
cyclic variation of the atmospheric conditions 
to selected components and entire systems, so 
disposed as to reproduce their dynamic charac- 
teristics as in the full-scale aircraft. 

The lack of correlation between laboratory 
endurance tests on aircraft components and 
actual flight experience is well known. While 
prolonged running of an accessory undoubtedly 
tends to eliminate some weaknesses, it does not 
cover the ground sufficiently to demonstrate 
defects which will show up in service. It is 
clear, therefore, that the conditions hitherto 
employed on the bemzh tests have not been 
representative. 

The difficulty could ve resolved by allotting 
an aircraft as a flying test-bench, but this is 
expensive and not amenable to continuous night 
and day running. Moreover the accessories 
are not as a rule easy to observe, either in 
operation or statically. A compromise is to 
transfer the flight conditions to the laboratory, a 
measure which, from the point of view of cost 


* Late Chief Engineer to Airspeed Division of 
the de Havilland Aircraft Co., Ltd., now director, 
A. Felix Industries Limited, 





and convenience, is ideal. This necessitates a 
quantitative appreciation of all the factors 
included in the wide term “ flight conditions ” 
which have to be obtained in actual flight. 

In general a mechanical fault reveals itself as 
being due either to breakage, wear or corrosion, 
and if attention is paid to the operational causes 
of these three troubles, it is possible to build up 
a laboratory test programme to suit any indi- 
vidual unit. If the selected units are then 
examined, it may be found that there are test 
conditions which are common to many of them. 
In other cases the difference may be so small as 
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to be considered negligible, at all events ->r the 
preliminary tests. Thus, what may app ar to 
be a proposition impracticable by virtue 5f jts 
complexity, becomes relatively easy to at in, 

The Ambassador systems and comr_nents 
chosen for the test were selected by _ ritish 
European Airways and covered a wide riety 
of accessories. If a good degree of cori ation 
is obtained between test and operation 0\ + this 
wide range of items, the case for this met_.od of 
life testing will have been established. 

To define the test programme, it was nec -ssary 
to analyse the operational conditions app icable 
to each of the units. The causes of failiies by 
fatigue, wear and corrosion were analysed as 
being vibration, dust, temperature variatioi.s, and 
moisture. The test conditions for the last three 
of these were decided from existing information, 
while the first was obtained from flight tests on 
the Ambassador. 

The result of this work enabled the test 
programme to be defined, the leading particulars 
being shown in Fig. 2. It will be seen that a 
complete cycle is of eight hours’ duration and is 
divided into two 4-hour sections. Each of these 
sections is intended to represent a typical 34-hour 
flight but under two different atmospheric 
conditions, as can be seen by reference to 
temperature and humidity. 

The flight period is followed by a half-hour 
rest period. In actual practice, of course, the 
time elapsing between flights would be consider- 
ably longer than this, but it was estimated that 
the conditions after half an hour would be very 
nearly the same as after an indefinite period. 
There was good reason for attempting to get a 
complete cycle to be exactly eight hours as by so 
doing it would be possible to run continuously 
throughout the 24 hours. 

With respect to the dust cycle, it was found 
that the minimum amount of dust in circulation 
could not be reduced to the maximum allowed 
for in the programme, and so dust injection, 
although provided for, was in fact never used. 

Study of Fig. 2 shows that by suitable grouping 
the need to give each item individual treatment 
could be avoided, with great simplification of 
the test plant. The method of grouping could 
be based on any one of the common factors, 
such as frequency, atmospheric conditions, 
functional relationship, etc. 

As with many problems, the final choice was 
decided by a process of trial and error, an 
important consideration being the space available 
and the suitability of the selected sites with 
regard to the power supply. The grouping 
finally chosen is shown in the Table on page 824. 

All the operations shown in Fig. 2 are carried 
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Fig. 2 The programme devised by British European Airways for the laboratory testing of air-liner 


components under simulated flight conditions. 
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natically, being determined by a pro- 


out aut : ie . 
gramme ontroller. This provision was essential 
not only “or continuous running, but because the 


sequenc ig of the great number of operations 
could rt have been done manually with any- 
thing a, proaching the precision required. 

The ; rogramme controller is of conventional 
design .1 which micro-switches are operated by 
cams. The time intervals are decided by the 
shape <f the cams and their speed of rotation. 
All are geared to a master shaft mechanically 
coupled to the constant-speed alternator which 
provides current for some of the vibrators. 
The programme controller can be seen in Fig. 1, 
being the rectangular unit. 

The air-conditioning unit gave the required 
temperature, humidity and dust, although, as 
already mentioned, this last facility was not 
brought into service. The plant was of normal 
commercial design with fully-automatic controls. 

While the environmental conditions are being 
applied, the specimens are being functioned. 
The power for these operations on the Ambas- 
sador is drawn from the engines via the auxiliary 
gearbox. In the test plant, the prime mover is 
an 80-h.p. electric motor. The drive is by 
multiple V-belts to a bank of pulleys connected 
to a lorry-type gearbox; through a similar type 
clutch, and thence to the auxiliary gearbox by 
the aircraft drive shaft. 

The need for a lorry gearbox was occasioned 
by the cyclic operation of the test rig, which 
included take-off and cruising conditions corre- 
sponding to engine speeds of 2,700 r.p.m. and 
2,100 r.p.m., respectively. The clutch and gear- 
change mechanism were automatically operated 
by the programme controller. The gearbox and 
the V-belt drive can be seen in Fig. 3, and a 
general view of the plant is shown in Fig. 4. 


TEST PLANT LAYOUT 


The site selected for the test~- plant was the 
Airspeed Research Test House, a building 50 ft. 
long by 65 ft. wide with an available height of 
28 ft. in the middle. For this project, however, 
a floor space of approximately 20 ft. square 
only could be allotted, which necessitated a 
“two-deck ” set-up. The main driving power, 
the 80-h.p. electric motor, being the heaviest 
unit, was mounted directly on the concrete floor. 
This decision automatically settled the position 
for the auxiliary gearbox unit. The main 
undercarriage, being normally underslung from 
its attachment points, was most conveniently 
suspended from above and was ideally suited to 
mounting from the upper members of the existing 
structural test frame. The same considerations 


applied to the nose undercarriage. 





F .3 An 80-h.p. electric motor supplied power for driving the aircraft 


Ss) tems through a lorry clutch and gearbox, 


c!_abing r.p.m. to cruising r.p.m. being automatically regulated by the 


programnie controller. 


There was, however, a serious doubt about 
this choice. The test frame was structurally 
independent of the building and would have 
resonant frequencies of its own. The frame, 
furthermore, was divided into two bays of 
different lengths, and thus the possible modes 
of vibration were numerous. At the time there 
was no apparatus available to check these 
frequencies, but nevertheless a decision had 
to be taken. 

Calculations indicated that the slowest fre- 
quency would be somewhere between 45 and 
60 c.p.s. and would occur on the long bay of 
the top and bottom members. The most 
important operational frequency was _ unfor- 
tunately in this range and therefore effective 
means had to be devised for suppressing 
resonance if it occurred. 

The bottom members, being within 3 in. of 
the floor, offered no serious problem as any 
resonance could easily be suppressed with 
wedges. The top members were a definite risk, 
and a cure would have been much more difficult. 
It was decided to take the risk and apply the cure 
as found necessary, but fortunately no trouble 
was encountered. The remaining items, being 
small, were then grouped mainly by their 
functional relationship, an eye being kept on the 
desirability of vibrator economy. Thus, wherever 
practicable, items of the same frequency shared 
a common mounting with a single vibrator. 

The air conditioning, which includes the 
injection of dust and water in addition to 
temperature variations, was carried out by 
Temperature, Limited, and the design and 
manufacture of the test rigs by the Airspeed 
company. The design and supply of the 
vibrating equipment was shared between de 

Havilland Propellers, Limited, and the Airspeed 
company. 


EXCITATION AND SUSPENSION 


The design of the test rigs centred round two 
main considerations: firstly, the method of 
exciting the vibrations and, secondly, the system 
of suspension. Both mechanical and electro- 


magnetic sources of excitation were investigated. 
The choice was largely governed by availability 
of equipment, although it should be mentioned 
that a technical assessment of the problem did 
indicate that for low speeds mechanical excitation 
was preferable, the advantage passing to electrical 
The line 


means at the other end of the scale. 


the gear change from 
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of demarcation would depend on.many factors, 
such as the existence of specialised. equipment 
designed for the purpose. At the time of the 
investigation, however, it appeared that the 
highest speed for mechanical superiority was in 
the region of 50 c.p.s. It was, therefore, decided 
to use electromagnetic equipment generally, 
resorting to mechanical devices for isolated 
cases where they were warranted. 

From the outset it was clear that in order to 
economise on power consumption and prime 
cost of the power plant, the principle of resonance 
would have to be used, at least for the heavy 
units, 

The power to drive the electromagnetic 
vibrators could either be supplied from electronic 
power packs or from the output of an alter- 
nator. Here again the problem was difficult 
to resolve. For small powers the advantage of 
cost lay with the former, while normal rotating 
electric machinery showed up as best for higher 
powers. In practice the prime consideration 
leading to the choice was that the majority of 
the rigs, including the larger units, had a 54 c.p.s. 
vibration. It was, therefore, a simple matter to 
take this supply from a common alternator, 
leaving the remaining items of low power and 
diverse frequencies to individual electronic 
power generators. 

The normal functioning of the various units 
was carried out concurrently with the other 
aspects of the tests, the source of power being the 
80-h.p. electric motor (representing the aircraft 
engine) driving the aircraft gearbox, which was 
itself one of the test specimens. Other drives, 
necessary to simulate the manual effort supplied 
by the pilot, were powered individually by small 
fractional horse-power motors. 

The programme demanded continuous inten- 
sive running to accumulate experience at a high 
rate, and as this entailed night work fully 
automatic operation was required, combined 
with automatic protective devices for cutting off 
the power when necessary. 

The wide diversity in the size and weight of 
the various units, coupled with the desire to 
economise on the number of exciters by grouping, 
gave rise to special problems of suspension. In 
the compact units, the rigs would be relatively 
light in weight for the required degree of rigidity, 
but on the widely spread groupings the reverse 
would be the case. When the total amplitude 
is of the order of a few thousandths ‘of an inch, 





Fig. 4 General view of the test plant designed for life-testing components 
and systems of the Ambassador air-liner under simulated flight conditions. 
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while the spread of the rig might be several feet, 
it will be seen that rig deflection cannot be ignored. 

This consideration led to the use of two 
fundamental types of suspension: one where the 
rig was regarded as rigid, the spring system being 
supplied at the mounting points; and the other 
where the rig itself acted as the spring. In the 
former case the spring units not only provided 
the degree of freedom required, but also had to 
furnish some of the remaining degrees of fixation. 

In order to simplify design and manufacture, 
these units were of interchangeable elements 
which could be built up as required. By this 
means big and little units could be made up and 
adjustments could be made on the job for 
“tuning in” by adding or subtracting the 
required number of elements. 


RIGS FOR CONCENTRATED MASSES 


As has been mentioned above, the rigs in which 
resonance was employed were of two types—those 
for concentrated masses and the others for a 
distributed configuration. In the former case 
the rig was designed as a rigid framework carried 
on spring suspensions. The suspension units 
are shown in Fig. 5 from which it can be seen 
that a wide range of stiffnesses can be obtained 
by varying the number of spring elements. 

The load-deflection relation for these units is 
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Figs. 6 and 7 The 
automatic pilot, com- 
prising amplifier, 
gyroscope unit 4nd 
junction box, ‘is 
mounted on a tubmar 
chassis supported by 
spring-box units on 
a girder framework. 
As shown in Fig..7, 
the joint nodes ‘lie 
on the line passing 
through the points of 
contraflexure of ‘the 























linear, but falls below the classical calculated springs. 
GROUPING OF COMPONENTS ON RIGS 
——__ —_— | l — | aerel — | 
| Vibration | | eal 
, Item Chassis een eee eS | t agnilica- 
ais Items | Weights | Weights =. Humidity | Dust | Vibrator a - tion 
= (ib.) (Ib.) | Vertical Horizontal ad Factor 
| | | Amp. Freq. Amp. Freq. | 
Sal POORER eEROCNRSE j earth ae OO 
1 | Aircraft controls, under-carriage | 101-0 | 127-0 0-002 in.; 54 c.p.s. — | Room — — Moving coil 49 W. 4-0 
| valve assembly, flap switch, and | temp. Type 1/D1 
| brake valve ; ’ 
2 | Automatic pilot system and inverter | 87-5 215-0 | 0-003 in.; 54 c.p.s. = Room — = Moving coil 25 W. | 7-5 
temp Type 1/D1 
3 | Control-cable gearing drum oo} 5-0 15-0 0-002 in.; 54 c.p.s. | 0-001 in.; 146c.p.s.| Room — — eee: a bine 
| temp. otor driven -p. 
’ eccentric 
| | | Horizontal: 
| | Moving coil 10 W. 5-7 
| | | Type 1/El 
4 | Flap control system 42-5 | 120-0 | 0-005 in.; 54 c.p.s. | 0-003 in.; 54 c.p.s. 34 deg.F.) 35 per cent. to — | Moving coil 420 W. 3-9 
! les to 100 per cent. R.H. Type 1/D1 
| | deg.F. | J - 
5 Hydraulic system, pneumatic system, 328-0 | 107-0 | 0-002 in.: 54 c.p.s. _ 34deg.F. 35 per cent. to _ Moving coil 156 W. 4:5 
silencer and spill valve | | - to 100 per cent. R.H. Type 1/D1 
deg.F. | | ? . : 
6 Auxiliary gearbox and drives 155-0 468-0 | 0-001 in.; 118 c.p.s.| 0-004 in.; 34 c.p.s. |60 deg.F.| — — Moving co Pa AS oe: 4 
to ype i : . 2 
122 deg. | (1 vert.) 
| F, | (1 horiz.) 
7 | Nosewh el uni 620-0 | 896-0 | 0-002 in.; 54c.p.s. | _ 34deg.F.) 35 per cent. to — | Movingcoil | 766 W. 4-3 
. to . 100 per cent. R.H. Type H 
} } | 1/90 deg.F. | } ’ 
8 Main undercarriage unit 959-0 | 1,340-0 | 0-002 in.; 54 c.p.s. — 34deg.F.| 35 percent.to | | Moving coil | 1,100 W. 5-1 
| } to ‘ 100 per cent. R.H. | | Type H 
90 deg.F. | : 
9 De-icing valve actuators ha “ 2-5. | 12-0 | 0-002 in.; 54 c.p.s. oa | Room | — a Motor driven 1h.p = 
| temp. to | eccentric 
| + deg.F. | | 
| | | | 

















Fig. 5 Spring-box units used for supporting 
resonant rigs on which components of concentrated 
mass were mounted. 











values, even if allowance is made for shear 
deflection. This is presumed to be due to local 
deflections of the spring boxes, and to com- 
pressive deformations at the encastré supports. 
It is, therefore, necessary to calibrate the units 
for each combination of springs used. Tuning 
by means of these springs proceeds by steps, 
but infinite variability can be achieved by the 
addition of a mass of the correct size. 

In mounting the suspension units it is import- 
ant to see that the joint nodes on both the fixed 
and moving parts of the structure lie on the line 
passing through the points of contraflexure of 
the springs, as shown in Fig. 7, which depicts 
the arrangement of one of the spring-box 
suspension units for the automatic-pilot rig. 
This rig, shown in Fig. 6, comprises a pyramidal 
tubular chassis connected at its apex to a 
vibrator; on the chassis are mounted, from left 
to right, the automatic-pilot amplifier, gyroscope 
unit and junction box. The chassis is suspended 
by spring-box units from a rigid girder framework. 

The number of suspension units required for 
any rig depends on the way in which they can be 
disposed. Theoretically one only is required 
provided that the remaining five degrees of 
freedom are suitably looked after by linkages 
and other devices. Such an arrangement has 
the advantage that unwanted rotational motions 


are avoided. This method is, however, seldom 
practicable, and it is more convenient to use two 
or more suspensions. ; 

Care must then be taken to avoid introducing 
rotational components in the motion, This can 
be done if the load centre of the suspension 
reactions and the vibrator axes both pass through 
the centre of gravity of the moving unit. — 

If two suspensions are used it may be advisable 
to provide a stay to prevent rotation about the 
common axis. Taking into consideration the 
small deflections, such a stay need not be 
articulated, its flexibility being naturally or 
purposely made sufficient to accommodate the 
relative motion without affecting the vibration 
characteristics. 

Where a number of units are subject to the 
same frequency and amplitude, and if, moreover, 
they are subjected to the same atmospheric 
conditions, there is no technical reason why they 
should not be grouped on one rig. 

Practical limits are set to this generalisation by 
geometry and by the maximum output of a single 
vibrator. Thus it is only permissible to group 
relatively few items, but the ability to do so !s 
valuable when they are functionally inter- 
connected, such as the elements of the aircraft 
controls. If such items were on separate ''gs 
there would be the added complication of elastic 
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Fig. 8 Vibration rig for flap rams and controls. 

In this rig, where the units were spaced apart 

widely, a resonant chassis mounting was em- 
ployed instead of spring box units. 


coupling between them, with the possibility of 
involving unwanted modes of vibration. This 
does not happen when they are grouped together. 

One example of such functional grouping is 
shown in Fig. 9, which depicts the Ambassador 
pilot’s controls. In this case the disposition of 
the specimens was settled by their functional 
relationship, and by their angles of orientation 
on the aircraft, the same angular positions relative 
to gravity being reproduced. This led to a 
three-dimensional array, which was supported 
on three suspension units, the balance of the 
whole being calculated as described above. 

On running the rig, severe rotational com- 
ponents were observed about both horizontal 
axes, suggesting at first that the calculations 
were wrong. The explanation was found to be 
due to two of the articulated portions of the 
mechanism being 180 deg. out of phase, thus 
affecting the virtual mass centre. The trouble 
was easily corrected in the plane of the suspension 
units by redistributing the spring elements 
between the two upper suspension units, and the 
addition of ballast in the right place. The 
motion about the axis through the two upper 
units was more difficult to eliminate by the 
appropriate mass balancing because of its inter- 
action on the primary mode, and recourse was 
made to frictional damping. 


STIFFNESS OF CHASSIS 


In the foregoing it has been assumed that the 
moving part of the rig—the chassis—is infinitely 
rigid, and that only the suspension units deter- 
mine the mode and frequency. This is not 
necessarily true, especially in the case of speci- 
mens which by virtue of their functional relation- 
ship have to be spaced widely apart. 

In order to minimise the power required it is 
necessary to keep the chassis weight low, but at 
the same time it must not be so flexible that it 
acts as a spring, thus introducing undesirable 
vibration characteristics. To avoid this the 
natural frequency of the chassis with respect to 
any one of its specimens must be well out of 
the range of the impressed frequency—either 
hisher or lower. At first sight it would seem 
de sirable to choose the latter as by so doing the 
de sideratum of the lightest chassis is achieved, 
but practical design considerations rule it out 
On the grounds of flimsiness. 

_ The practice adopted was to make the natural 
frequency of the chassis at least four times the 
inipressed frequency. The calculations involved 
in a rigorous analysis of the structural stiffness 
ac time-consuming, and as great accuracy is 


not warranted, a general working rule was 
evolved in which for a standardised type of 
design all the scantlings were of the same size, 
being determined on the basis that under static 
conditions the stress of the highest loaded 
member in tons per square inch multiplied by 
the total length of the bracing members in 


200, 


inches was not less than N= where ““N”’ is 





the impressed frequency in cycles per second. 
This general rule fails when the strut angles 
become more than 45 deg. from the vibration 
thrust line, in which case the calculations will 
need to be done in full. 

In some cases where the units are spaced 
widely apart relative to the maximum depth of 
the chassis, such as occurred for the flap rams, 
shown in Fig. 8, it is not practicable to apply 
the above principle. In this case an alternative 
design is to reduce the chassis mounting stiffness 
until it becomes resonant, when the normal 
spring suspension units can be dispensed with. 

A more complex problem is that of applying 
vibrations in more than one direction, especially 
to a chassis with a three-dimensional array. 
This is a consideration to be taken into account 
when deciding the initial grouping of the com- 
ponents. In the case of the Ambassador the 
number of units so affected was small and it 
was not difficult to give them individual treat- 
ment. In general, the best method is to apply 
the vibrations independently. In the arrays 
which spread out, as in the case of the flap ram, 
this method of treatment is not convenient and 
it is then best to combine the two vibrations 
vectorially. This, of course, is only possible if 
the frequencies in both directions are the same. 

Both these methods of applying two co-ordinate 
vibrations suffer from a departure from accurate 
representation in so far as the phase relations do 
not reproduce those occurring in flight. It is 
true that little is known of the significance of this 
difference, but it can be easily observed that a 
pin joining two articulated parts rotates quite 
rapidly if there is a phase lag, whereas when in 
phase—that is the motion of the pin is linear 
and not elliptical—no rotation takes place. The 
effect of this factor on wear must be significant. 


VIBRATION EQUIPMENT 


As has been noted above, the majority of the 
rigs were vibrated by electromagnetic means; 
only two items have mechanical excitation. The 
electromagnetic vibrators were supplied by de 
Havilland Propellers Limited, and were of the 
normal moving-coil design. Power for these 
units was divided between electronic units and a 
constant-speed alternator. The consideration 
which led to this division was that while it was 
possible to group a number of vibrators of the 
same frequency economically to an alternator, 
the advantages of individual supply made the 
electronic scheme preferable for vibrators having 
different frequencies. Also the cost of an 


Fig. 9 Vibration rig 
for primary flying 
controls, reproducing 
relative angular posi- 
tions of the controls in 


the aircraft, 
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alternator set was less. This economy was not 
secured without other problems arising, the 
major ones being those of controlling amplitude 
and frequency. The former is simple to provide 
by existing means for electronic equipment, but 
the degree of accuracy required (+ 10 per cent. 
on 0-002 in.) called for special treatment for 
units supplied trom the alternator. The method 
evolved consisted of comparing the vibration 
amplitude of a specimen with that required, and 
causing any difference to modulate the field 
current strength of the relevant vibrator. The 
device operates automatically and controls the 
amplitude to required limits. 

Amplitude control is very important in vibra- 
tion rigs based on resonance. Slight changes in 
damping can make large differences to the 
amplitude. Similarly, any change in the elastic 
characteristics of the specimen or rig can be 
equally potent. Both these changes take place 
in the course of a life test. 

Frequency control was achieved by the usual 
arrangement of using a direct-current motor- 
alternator set with control of the input direct- 
current voltage, the direct-current supply being 
obtained from a motor-generator. Standard 
commercial voltage regulators would not give 
the required degree of control (+ 1 per cent.) 
under the operating conditions. At the time 
the rigs were designed the factory power supply 
varied by as much as 10 per cent. in frequency 
and 15 per cent. in voltage. A special voltage 
control was designed to suit the combined 
characteristics of the motor-generator and the 
motor-alternator set which gives the specified 
speed control. The motor-alternator shaft is 
also used as the standard time base for driving 
the programme controller. 


RESULTS 


It is not the purpose of this article to discuss 
the way in which the results will or can be applied 
to practical bench testing. It is, however, safe 
to say that in an extensive investigation of this 
kind, knowledge must accrue which will be of 
value. It was not the aim of the project to 
determine the lives of Ambassador components 
but, by taking a varied assortment of units, to 
see if correlation with flight experience is suffici- 
ently widespread to show that the testing methods 
are adequate, or to point the way to a more 
realistic approach to bench testing. 

The actual results obtained and the analysis 
will be some time before they are available, but 
their publication will make interesting reading. 
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PERFORMANCE OF ELECTRICAL 
AIR-BREAK CONTACTS 


TYPES AVAILABLE TO MEET ESSENTIAL REQUIREMENTS 


By H. F. Jones, 


The purpose of an electrical contact is to make 
the circuit, carry current for a period, to break 
the circuit and to repeat this cycle a large number 
of times. Even with the most straightforward 
arrangements of an industrial load circuit these 
three requirements are influenced by different 
parameters which in themselves vary over a wide 
range. There are, for example, the current 
values, the power factor in alternating-current 
circuits, or the time constant in direct-current 
circuits, and in both cases there are time intervals 
between complete cycles of operation, that is 
make-break or the duration of the period during 
which the contacts are closed. 

Industrial contacts should need the minimum 
of maintenance and their first cost should be 
reasonable. In order to achieve this the follow- 
ing properties are essential: resistance to wear, 
both mechanically and electrically; resistance to 
atmospheric and other forms of corrosion likely 
to be encountered in service; resistance to 
adverse effects of heat, especially oxidation; 
high electrical conductivity; good thermal con- 
ductivity; good non-welding properties and low 
relative cost. 


TYPES OF CONTACT 


Three types of contact are in common use for 
air-break industrial control gear—butt, horn- 
shaped and laminated. Typical examples being 
illustrated in Fig. 1. 

Butt contacts, frequently of the double-break 
type (that is two breaks in series per pole) meet 
and part without any intentionally designed 
rolling and rubbing action; and since little or no 
self-cleaning is produced, they are only suitable 
for non-oxidising materials such as silver, silver 
alloys and carbon. 

Horn-shaped contacts possess the great advan- 
tage that they are part rubbing, part rolling when 
engaging, thus ensuring that there is a certain 
amount of cleaning and burnishing during every 
operation. They also meet and separate at a 
different part of their profile from that part of 
their surface which finally carries the steady 
current. It is therefore possible to limit arcing 
largely to the contact tips and in so doing to 
reduce wear at the carrying area and to prolong 
their useful life. 

Laminated contacts represent an attempt to 


* Mr. Jones is deputy manager of the General 
Electric Company’s Laboratories at Witton, Birming- 
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increase the actual area of contact between the 
two electrodes. Attention must be given in 
their design to ensuring adequate contact pres- 
sure and mechanical strength and to avoiding the 
occurrence of local hot spots in service. 


COMPLEXITIES OF CONTACT 
PHENOMENA 


The contact phenomena occurring on making 
and breaking a load circuit are complex and, 
despite extensive research, are not yet fully 
understood. In simple terms they may be 
described as follows: Two contacts of given 
physical configuration and energised at the 
system voltage approach each other during the 
closing operation, until on reaching a point when 
they are only a few microns (;755 mm.) apart, 
they exert considerable electrostatic force upon 
each other. The electric field strength existing 
at these extremely close proximities may amount 
to many kilovolts per centimetre even in low- 
voltage circuits and may produce an emission 
of electrons from the contact face, that is auto- 
electronic emission. The electrostatic force may 
also actually be sufficient to tear off minute 
particles from the surfaces. This force is 
directly proportional to the square of the voltage 
between the electrodes, and is inversely propor- 
tional to the square of the gap between them. 
Even contact faces which appear to be quite 
smooth will in fact contain innumerable micro- 
scopic raised points and indentations. Thus, on 
closing, physical contact first occurs at a few 
points of extremely small cross section, which 
may be as little as yot00 of the total area so 
that a local high current density is the result. 
The consequent heating at these local points is 
generally sufficient to melt the contact metal and 
under the further influence of the mechanical 
pressure developed between the contacts, they 
may become distorted and the surface metal 
compressed and hardened. 

For air-break contacts the hot surface metal 
is readily tarnished, especially in the presence of 
moisture. This thin tarnished layer on the con- 
tact surface may be an oxide, sulphide, hydride, 
nitride or other salt of the electrode metal. 
Electrically it may be a relatively good con- 
ductor; a semi-conductor possessing a non- 
linear current/resistance characteristic; behave 
like a metal rectifier; or, as is frequently the 
case, a good insulator. It is the latter form 
which generally constitutes the most serious 
hazard to the life of the contacts, especially when 


Fig. 1 Various types 
of contactor contacts: 
(a) dull tin-plated cop- 
per horn contacts with 
a current-carrying capa- 
city of 75 amperes; 
(6) tungsten-silver in- 
b sert horn contacts with 
a current-carrying capa- 
city of 75 amperes; 
(c) dull tin-plated cop- 
per contacts with a 
current-carrying capa- 
city of 30 amperes; and 
(d) silver-faced butt 
contacts with a current- 
carrying capacity of 
15 amperes. 
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Fig. 2 Results of tests carried out to determine 
the wear on four-pole contacts similar to those 
shown in Fig. 1 (c) using alternating and direct- 
currents of 41 amperes at 230 volts and 600 opera- 
tions per hour. 

(a) Copper contact at unity power factor. 

(b) Copper contact at 0-5 power factor lagging. 

(c) Copper contact on direct-current. 

(d) 82 : 18 tungsten-silver contact at unity 
power factor. 

(e) 82 : 18 tungsten-silver contact at 0:5 
power factor lagging. 

(f) 82 : 18 tungsten-silver contact on direct- 
current. 

(gz) 66 : 34 tungsten-silver contact at 0-5 
power factor lagging. 

(h) 40 : 60 tungsten-silver contact at 0:5 
power factor lagging. 
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these remain in the closed position for long 
periods. 
FILM FORMATION 

Ragnar Holm, in his book “* Electric Contacts,” 
published by Hugo Gebers Forlag, Stockholm, 
has stated that the rate of formation of the red 
suboxide on copper contacts may be expressed 
in the form 

S? — 302 = 900 e0-0260r 

where S is the thickness in Angstrom units (ie., 
1 x 10-* mm.), @ the mean contact temperature 
in degrees Centigrade, ¢ the time in hours and e 
the base of natural logarithms. Fortunately this 
oxide of copper may be fairly readily removed by 
friction and the contact movement is generally 
arranged to be part sliding, part rolling for this 
purpose. 

Electrically the film is broken by sufficient 
contact pressure, and by the inevitable high 
points on the contact surfaces. Nevertheless, 
with the copper contacts used in air-break con- 
tactor circuits, which remain closed for long 
periods, some reduction in the permissible tem- 
perature rise is advisable if long trouble-free life 
is to be obtained. 


DAMAGE TO CONTACT SURFACES 


In the majority of cases damage to contact 
surfaces occurs at the moments of making and 
breaking the current. At the instant of separa- 
tion, mechanical contact is confined to a very 
small zone. The high current densities used with 
industrial contactor contacts are generally 
sufficient to produce local melting of small areas 
of the electrode surfaces, and under certain 
unfavourable conditions, may form a molten 
bridge joining the two contacts. This causes 
further deterioration of the surfaces, and, 
when the molten bridge is finally broken, metal 
globules are scattered on and around the con- 
tacts and arc chute. 
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Fig. 3 Results of tests 
carried out to deter- 
mine the wear on triple- 
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pole contacts, similar 
to those shown in Fig. 
1 (a) and (5), using a 
current of 75 amperes, 
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With direct-current this condition, in com- 
bination with the arcing which follows, fre- 
quently results in a build-up of metal on one 
electrode, and the formation of a corresponding 
crater on the other. A stable arc rarely occurs 
with well-designed copper or silver contacts in 
air, but ionic transfer of metal may take place 
in the presence of a direct-current discharge 
owing to the polarity effect. On alternating 
current, however, troubles due to fine transfer 
of metal from one contact to the other are 
practically unknown. Although the rate of 
wear of a contact pair under normal operating 
conditions is generally greater at break than at 
make, the latter may be substantially increased 
if excessive bouncing or chatter occurs. The 
most serious consequence of this is that surface 
damage is caused at the fully closed contact 
face and not at the arcing tips. 

The greater wear at break, however, may not 
hold under certain adverse conditions of repeated 
operation. A _ test devised to differentiate 
between wear at break and wear at make under 
overloads actually showed a higher rate of wear 
at make than at break. The reason for this is 
that, on making, a contact is subjected to the 
combined effect of mechanical and electrical 
wear, whereas on breaking the effect is purely 
electrical arcing. The contact life is therefore 
a function of both the duty cycle and the elec- 
trical circuit phenomena. 


LIABILITY TO WELD 


The liability of contacts to weld mainly 
depends on the temperature, the critical value for 
copper being about 200 deg. C. Making 
certain assumptions, however, it is possible to 
deduce the maximum permissible voltage drop 
between surfaces in contact above which welding 
is likely to occur. In this connection the 
values suggested by Holm, together with the 
minimum voltage and current required to sustain 
an arc between the contacts, are of interest 
and are given in the accompanying table. 


TABLE I.—Critical Values for Welding or Arcing between Contacts 





Minimum arcing conditions 








| 
| 
Maximum | otha oe 
Contact drop to is 
material avoid welding, | Minimum Minimum 
| volts | current, voltage, 
| amperes volts 
a | 
Copper : 0-12 0-43 13 
Silver i 0-09 0-4 12 
Nickel 0-22 0-5 | 14 
Tungsten 0-40 1-0 15 








MATERIAL COMPARISONS 


Tie suitability of many metals and alloys 
for ise as industrial contacts have been investi- 
gat‘ d. Of the criteria, one of the most important 
is « irability; but tests to prove this quality are 
un: voidably protracted and expensive. Copper 
ist ¢ most commonly used material and will ordi- 
na: ly withstand one to two million operations on 
no nal load. Silver is even more durable than 
Co; der and,-as it is largely free from corrosion, 
Is >eing increasingly used for butt contacts. 
Ri al materials must first of all compare favour- 
ab. as regards their cost in relation to life; 
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and in the interests of standardisation their 
superiority in performance over the more 
commonly used materials must be decisive. 

While it is not practicable to generalise about 
the comparative performance of contacts of 
various metals and their alloys, it is illuminating 
to compare the behaviour of a particular design 
of contact under specific load conditions. Many 
factors govern the rate of wear of contacts, 
and this rate may even vary considerably between 
two supposedly identical contactors. It has 
been observed, for example, that the rate of wear 
varies between pairs of poles of a multi-pole 
contactor and is influenced by a slight adjustment 
to the pivots of the moving-contact arm, the 
degree of contact bounce and friction, the speed 
of closing and breaking, and the design of blow- 
out coils and arc chutes. 

The results of two long series of on-load tests 
for wear, in which as many as practicable of these 
variations have been largely eliminated, are 
given in Figs. 2 and 3. 


TEST RESULTS 


Fig. 2 shows the results of tests carried out 
on four-pole, 30-ampere, 230-volt industrial 
contactors designed to British Standard specifi- 
cation No.775. Thecontacts used were similar to 
those shown in Fig. 1 (c). The ratios are given by 
weight, the tungsten content first. The tests were 
made at 230 volts alternating, and a current of 41 
amperes at both unity power factor and a power 
factor of 0-5 lagging, the frequency being 50 cycles; 
and at 230 volts direct-current. Several “‘ identi- 
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cal’ contactors were used for the series of tests and 


in all cases one of the four pairs of contacts was 
standard dull-tinned copper. A total of 48,000 
operations was made at the rate of 600 per hour. 
Inserts of the sintered tungsten-silver and tung- 
sten-copper alloys about 4 in. thick were then 
brazed on to specially machined copper electrodes 
so that the final section was the same as that of 
the standard copper. 

A further similar series of tests was made 
using 440-volt, three-phase, triple-pole con- 
tactors, the current being 75 amperes. The 
tests were made at the rated voltage and current 
at unity power factor, and a total of 180,000 
operations was completed at the rate of 840 per 
hour. For these tests various silver and other 
alloys were compared with standard copper. 
The results are given in Fig. 3. The actual 
contacts used were similar to those shown in 
Fig. 1 (a) and (6). 

The results of these tests for wear on-load 
indicate that copper contacts have a rate of 
wear of only a few milligrams per thousand 
operations when making and breaking full-load 
current many times per hour. In many cases 
experience has shown that this rate of wear of the 
contact faces is comparable with that of the 
pivots and other mechanical parts of the con- 
tactor. It is therefore not surprising that 
copper has held its own for so long as a general 
purpose contact material. It may be interesting 
to note that there is no marked difference in the 
actual rate of wear per operation between the 
standard 30 ampere and 75 ampere contacts. 

The durability of silver and certain silver 
alloys is also clearly demonstrated. For the 
particular design of contactor tested, the rate of 
wear of silver materials is only about one- 
quarter that of copper, but they are considerably 
more expensive. Silver is used with advantage 
in butt type “‘ vertical lift’? contactors because 
in this compact design little or no cleaning action 
is obtained, so that the use of copper contacts is 
undesirable. Silver contact faces are very 
suitable for applications where the contactor 
remains closed for long periods and the design 
may take the form of brazed-on inserts or silver- 
plated copper. 

It will be appreciated from the foregoing 
that the design of modern electrical contacts 
and the materials used are the outcome of many 
years of careful study of the electrical, metallurgi- 
cal and mechanical phenomena involved, and 
prolonged experience of service conditions. 


INFLUENCE LINES BY 


WILLIOT-MOHR DIAGRAMS 


APPLICATION OF MAXWELL’S RECIPROCAL THEOREM 
By R. J. Cornish, M.SC., M.1.C.E.* 


In structural-design practice, when the influence 
line for every member of a frame is wanted, the 
quickest solution is probably to draw an ordinary 
diagram of forces in the frame for each position 
of the load. For a symmetrical frame this 
means only half as many diagrams as there are 
panels, and the influence ordinates for each 
member can be read off at once. 

The method outlined below gives a completely 
independent check and is an interesting applica- 


* Professor of Municipal Engineering, University 
of Manchester. 


tion of Maxwell’s Reciprocal Theorem. Although 
it is primarily graphical, the measurements can 
be checked by elementary geometry and trigo- 
nometry. 

It is fairly well known that one way of sketching 
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fluence line for FM, 
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| bridge. 
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the influence line for the force in a member of a 
truss bridge is to draw the distorted shape of the 
loaded chord when the member in question is 
shortened a little; the signs are correct if tensile 
forces are regarded as positive. 

For example, in Fig. la the member KD has 
been shortened; if LD and all the members to 
the right of LD are regarded as fixed, the 
distorted shape of the frame is shown by the 
broken lines, and the lower chord takes up the 
position A,C,DB. If A, is now raised to the 
level of A, the loaded chord becomes AC,D,B 
(Fig. 15), which is the influence line for the 
force in KD. 

As it stands, the method is mainly useful as 
giving the shape of the diagram, but numerical 
values of the ordinates can be obtained from the 
Williot-Mohr diagram. In Fig. 1c, the fixed 
point O represents all the points from B to L 
and D. Relative to D, K moves unit distance 
towards D; this is represented by Ok,;. K also 
moves unknown amounts perpendicularly to 
KD and KL; these movements are represented 
by the lines kgk and Ok, whose intersection gives 
the displaced position k of the point K. Then, 
since no other members change in length, the 
movement of C is found by drawing perpendicu- 
lars through k and O to KC and DC respectively. 
Similarly, 4 is found from k and c, and a from 
h and c. 

The Mohr diagram, which is shown by broken 


er 


lines in Fig. 1c, is constructed on Oa as base, 
and displacements are measured in the usual 
way giving the influence ordinate at C as —0-345 
(represented by C’c in Fig. 1c) and that at D 
as +0-509 (represented by D’O). 

As the shape of the lower chord only is 
required, there is no need to construct the 
complete Mohr diagram; all that is really 
necessary is to divide Oa into six parts. Also, 
the displaced position of H need not have been 
found; a could have been plotted by drawing 
perpendiculars through k and c to KA and CA 
respectively. 


CANTILEVER BRIDGE 


As a second example, Fig. 2a shows a cantilever 
bridge, simply supported at A, B and D, and 
having a hinge at C. The influence line for the 
the force in FM is drawn in Fig. 2b, and Fig 2c 
gives the Williot-Mohr diagram of displacements 
due to unit reduction of length of FM. As 
before, it is most convenient to regard the portion 
to the right of FM as fixed initially; that is, the 
point O in the diagram represents points G B H 
C MN and P. Of, represents unit reduction 
in length of FM, and the displaced position of 
F is at the intersection of the perpendicular to 
FM through f,, with the perpendicular to FG 
through O. Then L moves horizontally relative 
to F and on a perpendicular to LM relative to 
M; hence /. A line through / perpendicular to 
AL meets the line through f perpendicular to 
AF in a; e is evidently the middle point of af. 
The Mohr diagram and the ordinates follow 
directly; the important ordinates are: F, 
+0:-819; G, —0-205; C, +0-410. 


THREE-HINGED ARCH 


When drawing the Williot-Mohr diagram for 
the three-hinged arch in Fig. 3a, it is convenient 
to distinguish the points C and K, which are 
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common to both halves of the arch, b: suffix 
L when the left-hand half is being conside:. j ang 
suffix R for the right-hand half. 

To draw the influence line for the forc« 
the portion ADEFR of the left-hand hal! f the 
arch is considered to be fixed at first; a! these 
points are represented by the point O the 
Williot diagram (Fig. 3b). Unit diminu:i5n ip 
length of FS is represented by Os;; s is the »oint 
of intersection of perpendiculars to FS and RS 
through s; and O respectively. Then g is ‘ound 
from the movement of G relative to F and 
S, c, relative to G and §S, and ky relative toG 
and C,. 

We must investigate the movement of C when 
the portion ADEFR, previously considered 
fixed, is allowed to rotate. The movement of 
the point C on the left-hand half is perpendicular 
to AC and is represented by the broken line 
C1¢,; the movement of the point C on the 
right-hand half is perpendicular to BC, and is 
represented by Oc,, since B is a fixed point. 

To avoid confusion, the Williot diagram has 
been re-drawn in Fig. 3c to include the Mohr 
diagram, which is drawn separately for the two 
halves of the arch. The Mohr diagram for the 
left-hand half is based on the line OC’:, equal 
and parallel to c,c, (Fig. 3c) and that for the 
right half is based on OC’,, equal and parallel 
to c,O. 

Remembering that the point O now represents 
the displaced position, relative to the points on 
the Mohr diagram, of points A, D, E, F andR 
and all points on the right-hand half, we can 
measure the influence ordinates as follows: 
D, +0:22; E, 0; F, —0-22; G, +0-94; K, 
—0:35; P, 0; Q, +0-12. 


TWO-HINGED ARCH 


The frame shown in Fig. 4a is the same as that 
in Fig. 3a except that the hinge at C is removed 
and KC is now a single member. The broken 
lines in Fig. 4a show the effect of a reduction in 
length of FS when all points to the right of it 
are regarded as fixed. The corresponding 
Williot diagram is drawn in Fig. 4b, with the 
Mohr diagram which allows for the rotation of 
the whole frame to raise A, to the level of A. 
The displacements of points on the top chord 
are listed in column 3 of Table I. In effect, in 
the diagram it is assumed that the frame is hinged 
at B and allowed to move horizontally at A; 
the amount of that movement (ea in Fig. 4b) 
is 1-600 units. 

The horizontal movement must be corrected 
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Fig. 3 The layout of a three-hinged arch, and the Williot and 
Mohr diagrams. 
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Fig. 4 A two-hinged arch made by removing the crown hinge from 
the frame in Fig. 3, and the amended diagrams, 
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Taste I. 
SS. 
6 | 3 | 4 | 5 
ao 
J I.L. Ordinates for FS. 
wae 
‘ Displace- 
Point | ment due . , 
to unit H Simply Correction Two- 
Supported Due to H hinged 
D —315 —0-482 +0-620 +0-138 
E + 10 0 —0-020 —0-020 
F +327 +0-482 —0-641 —0-159 
G +598 +2-336 —1-172 +1-164 
K +724 +1-752 —1-420 +0-332 
M +598 +1-168 —1-172 —0-004 
N +327 +0-584 —0-641 —0-057 
P + 10 0 —0-020 —0-020 
Q —315 —0-584 +0-620 +0-036 

















by the application of a horizontal force at A and 
B, and this modifies the displacements in Fig. 45. 
The displacements caused by a unit horizontal 
force are investigated in Fig. 4c. This involves 
the usual calculations for drawing a Williot 
diagram of displacements due to forces; the 
force in each member is first found, and hence 


the value of for each member. (P = force, 


L = length, A = cross-sectional area, E = 
Young’s modulus). The calculations are not 
shown. For simplicity, it has been assumed that 
the cross-sectional areas of all members are the 
same, and AE has been taken as unity; the 
principle is, of course, not altered if the areas 
are not the same. The value taken for E is 
unimportant, as relative effects only are wanted. 
As the frame is symmetrical and KC is unstressed, 
the point O in Fig. 4c has been taken to represent 
K and C. 

The horizontal displacement of A relative to 
B, from Fig. 4c, is 816 units, and the vertical 
displacements (listed in Table I, column 2) 


—1 
must therefore be multiplied by ——e to get 


the corrections (column 4) for changes in shape 
of the loaded chord when the frame is forced 
from the simply supported condition to the two- 
hinged condition. The final ordinates of the 
influence line for the force in FS are given in 
column 5. 


NEW BROADCASTING CONTROL 


ROOM AT BRISTOL 


HIGH OPERATING EFFICIENCY WITH 
MINIMUM MANPOWER 


A new control room, the installation of which 
has recently been completed at the headquarters 
of the West Region of the British Broadcasting 
Corporation in Bristol, was put into service on 
Tuesday, November 30. The former control 
room, which it replaces, has been in service for 
21 years and the equipment of the new control 
room has been designed as a result of the 
experience gained during that period. 

A notable feature of the room is a novel master 
control desk from which the switching and 
checking of all programmes handled within 
the Region can be carried out. In addition, 
much of the switching previously effected by 
manual operations is now done automatically 
by methods similar to those employed in auto- 
matic telephone exchanges. The new equifsment, 
moreover, is mains operated, but to provide 
against the possibility of a mains failure a 
Diesel-engine driven generator has been installed 
as a standby. 


FUNCTIONS OF THE CONTROL ROOM 


Some idea of the functions of the control 
room may be obtained by considering the 








The naster control desk. ‘‘ Continuity ”’ is on the left, inter-station telephones 
in ti - middle and, on the right, programmes are switched to various transmitters. 





handling of the Home Service programme. 
Wherever this may originate it is supplied to the 
control room at Bristol over Post Office land lines 
and is then switched again over land lines to 
the West Region Home Service transmitters at 
Start Point, Barnstaple, Clevedon and Bartley. 
in the New Forest. The Home Service pro- 
gramme to the Start Point transmitter is also 
passed—through the sub-Regional centre at 
Plymouth—to a low-power transmitter at Red- 
ruth, which serves the Camborne-Redruth area 
of Cornwall. The Light Programme is also 
switched through the control room at Bristol to 
transmitters in Plymouth and Redruth, and in 
the same way the Third Programme is switched 
to transmitters at Exeter, Plymouth and Redruth. 
Plymouth, it should be mentioned, has trans- 
mitters for the Light and Third Programmes and 
Redruth for all three. 

In addition to the switching of the main 
programmes to the various transmitters served, 
other functions are carried out in the control 
room at Bristol. For instance, the Barnstaple 
transmitter is automatic, being started up and 
closed-down by a time switch, but an automatic 


The announcer’s desk in the continuity studio. 
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monitor in the Bristol control room checks its 
performance and gives audible or visible warning 
of any fault. Similar automatic monitors are 
installed to check certain aspects of the pro- 
grammes to the Start Point and Redruth trans- 
mitters. Another important function is the 
“equalisation ”’ of the Post Office land lines 
connected to the control room. To ensure that 
these lines transmit the full range of audio 
frequencies, each line requires individual correc- 
tion, for which purpose periodical tests are carried 
out by the line’s engineers and the particular 
corrections necessary to maintain a high standard 
of performance are applied. 

There is also, of course, a good deal of inter- 
regional programme activity, some of which 
arises from the fact that commentaries originat- 
ing within the Region may also be required for 
broadcasting simultaneously in other Regions. 
Some programme items have also to be recorded 
for future broadcasting. The West Region also 
transmits between 30 and 40 hours of local 
programmes each week, in addition to the Home, 
Light and Third programmes which together 
occupy a total of just over 260 hours of broad- 
casting time. 


MASTER CONTROL DESK 


Referring again to the master control desk, 
shown below, it will be seen that this has three 
main positions. The first of these, on the left, 
is occupied by the continuity engineer, who is 
responsible for the switching and control 
necessary to secure continuity. From his 
position he can see on his left the announcer at 
the desk in the adjacent continuity studio, shown 
below also, and responsible for the opening and 
closing down of the programme and for filling 
in any break which may occur with suitable 
gramophone records. Together they are jointly 
responsible for seeing that the programme runs 
smoothly and fits in appropriately with the 
preceding and subsequent programmes. The 
central position on the control desk is used as a 
telephone exchange through which the engineers 
can converse with other stations sending or 
receiving programmes, while the position on the 
right is used for the automatic switching of the 
source of any programme to the transmitter 
which is to broadcast it. 


ECONOMY IN MANPOWER 


An important feature of this desk is that 
although at times of maximum activity the three 
positions have each to be manned by an engineer, 
One man can attend to all three at quiet times. 
Owing to the increase in the volume of broad- 
casting such times seldom occur, but the facility 
enables the control room to be operated at 
the maximum efficiency with the minimum of staff 
at all times and this, owing to the shortage of 
qualified engineers, is a matter of considerable 
importance. 





He is responsible for opening 
and closing down the programme. 
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A 60-TON DIRECT-ARC TILTING 
FURNACE 
LOW-ALLOY AND SPECIAL STEEL PRODUCTION 


In order to keep pace with increasing demands 
from the engineering industry for alloy and 
special steels, Messrs. Samuel Fox and Company, 
Limited, Stocksbridge, near Sheffield, who are 
associated with the United Steel Companies 
Limited, have recently placed in commission a 
60-ton electric-arc basic steel-melting furnace 
which is expected to add 1,200 ingot tons of 
special steels a week to the output of the Stocks- 
bridge works. The potential total steel produc- 
tion of the works will be raised thereby from 
250,000 tons to 300,000 tons per annum and, 
of this, some 100,000 tons will be melted in elec- 
tric furnaces. It is intended that the older 
10-ton arc furnaces and the high-frequency induc- 
tion furnaces at Stocksbridge will now be devoted 
to an increasing extent to the melting of stain- 
less, heat-resisting and other highly-alloyed steels 
and that the new furnace will be occupied with 
the production of types of steel having a rela- 
tively low alloy content. Most of this material 
will be disposed of to the re-rolling, drop- 
stamping and tube-making industries, though 
some of it will be processed at Stocksbridge 
in connection with the firm’s developing interests 
is special-steel strip and wire. 


NEW MELTING SHOP 


The 60-ton electric furnace is housed in a 
building, called the No. 2 melting shop, com- 
prising three bays on an east-west axis. The 
largest bay on the south side, in which the cast- 
ing, stripping and cooling of ingots is carried out, 
is 366 ft. long by 70 ft. wide. This bay is 
equipped with a 100-ton and two 15-ton over- 
head electric cranes for duties in connection 
with these operations and for serving the refrac- 
tory stores, ladle pit, drying furnaces and cooling 
pits, which are also situated in this bay. 

The central bay, 240 ft. long by 60 ft. wide 
houses the 60-ton furnace and its transformer, 
together with a control room and a basement for 
electricity and other services. Heavy lifting in 
this bay is catered for by an 80-ton overhead 
electric crane and lighter work by a 10-ton crane 
of similar type. The third bay, on the north 
side, which is of dimensions similar to those of 
the central bay, is devoted to raw materials. 
Although the cranes in the new melting shop 
have been manufactured by different firms, the 
crane cabs have been made to a standard specifica- 
tion; master controllers are utilised and the 
cabs are enclosed, the crane driver being in a 





Above the control room is the temperature indicator. 
electric cables and the water cooling pipes can also be seen. 





sitting position during operations. For dealing 
with smaller loads of slag-making materials or 
alloy additions to the furnace bath, a Diesel- 
engined ground-type charging machine, with a 
ram and mounted on rubber-tyred wheels, is 
used in addition to the cranes. 


THE FURNACE 


Built by Birlec Limited, Birlec Works, Erding- 
ton, Birmingham 24, under licence from the 
Pittsburgh Lectromelt Furnace Corporation, 
the furnace is of the top-charged direct-arc 
tilting type with three automatically-adjusted 
vertical carbon electrodes, each 20 in. in dia- 
meter, made of sections 6 ft. long screwed to- 
gether and connected to a 15,000-kVA power 
transformer. Heat is generated by arcing 
between the ends of the electrodes and the metal 
charge. A general view of the furnace from the 
charging bay is shown below. The control 
cabin is seen in the centre; let into the wall 
above this is a plaque which bears an Assyrian 
ideogram in cuneiform characters meaning “a 
smelting furnace.” Also below is the furnace 
seen from the casting-bay side; it is being 
tilted forward for tapping. 

The furnace shell has an inside diameter of 
19 ft. and the refractory lining has a thickness 
of 18 in. The thickness of the refractory lining 
at the furnace base is 27 in. and that of the roof 
14 in. The refractory lining has been carried 
out by the Oughtibridge Silica Firebrick Com- 
pany, Limited, and Streetley Doloma (Processing) 
Limited. The sub-hearth brickwork consists of 
stabilised dolomite bricks upon which is laid 
graphitised dolomite. The side walls are built 
up of magnesite “tubes” supported on mag- 
nesite bricks and the roof is of silica brick. 

Charging the furnace is conducted by raising 
the electrodes and the roof, and then swinging the 
whole assembly clear of the furnace towards 
the tapping side, the movement being effected 
hydraulically. The furnace, at present, is work- 
ing on a 100 per cent. scrap charge and this, con- 
tained in a bottom-discharging “ basket,” which 
is shown above, is lifted over the furnace by a 
crane and discharged directly into the furnace. 

The tilting of the furnace forward for tapping 
to a maximum of 45 deg. and backward 15 deg. 
for slagging is also operated by the hydraulic 
system. This, which is of the oil hydraulic type, 
comprises three 30-h.p. motors and pumps 
situated on the basement, with remotely- 


The flexible 
45 deg. 
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The bottom-discharging loading basket has a 
capacity of 60 tons of steel scrap. 


controlled push-button starting and electro- 
hydraulic operating valves. 

Each electrode with its supporting arm weighs 
20,000 Ib. and they are controlled by electric- 
ally-driven winches mounted on the side of the 
furnace. The electrode control equipment has 
been provided by tke British Thomson-Houston 
Company, Limited. The usual method of 
controlling the power input is to maintain 
constant arc-impedance by adjusting the position 
of the electrodes. This principle has been 
adopted in this instance so that the winch motor 
moves in response to the arc voltage and current 
causing the electrode to follow the metal as it 
melts. Hand control is also provided. The 
winch motors are each rated at 15 h.p. at 725 
r.p.m., and are vertically mounted on the side of 
the furnace. There are four motor-generator 
sets, one for each electrode and one spare, each 
consisting of a 13-kW generator, an amplidyne, 
and a 25-h.p. driving motor. Each winch motor 
is supplied by one of these sets working on the 
Ward-Leonard system. Any three of the four 
motor-generator sets may be selected to drive 
the three winch motors by means of multiple 
change-over switches with interlocks which 
change over all main and control wiring. A 





The furnace can be tilted forward for tapping (as seen here) through 


It can also be tilted 15 deg. backward for slagging. 
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speci: feature of this control is that a permanent 
torqu2 is applied to the winch motor to counter- 
balance the weight of the electrodes and their 
supporting arms. 

The electrode regulator and other control 
equipment is operated from a desk in the small 
roon: seen in the left illustration. Normally, on 
starting up, the circuit-breaker is closed and the 
selector switch put in the automatic position so 
that the electrodes come down, strike the arc, 
and continue to operate at the pre-set current 
without further attention. 

Clamps for the electrodes are made from high- 
conductivity water-cooled copper castings, the 
slipping and tightening of the electrodes in these 
clamps being achieved by means of a pneu- 
matically-operated opening and a spring-closing 
mechanism. 

Water cooling is applied to the slagging and 
side doors and to their arches and jambs, and 
also to the top of the furnace shell which incor- 
porates a continuous bezel ring of box section to 
act as a stiffener and also to locate the roof ring. 

Among other instruments provided is a Scho- 
field-type platinum/platinum-rhodium thermo- 
couple for measuring the temperature of the 
molten metal. A flexible cable connects the 
couple to a large illuminated dial indicator 20 in. 
in diameter, mounted on the wall above the 
control cabin. A record in ink is made auto- 
matically, at the same time, on a chart recorder 
in the control cabin. 


ELECTRICITY SUPPLY 


Electric power to operate the furnace plant 
is supplied by the Yorkshire Electricity Board 
through a ring-main system delivering current at 
11 kV to the melting-shop substation. It is 
expected that when the furnace is in full operation 
the weekly power consumption of the plant will 
add nearly 1 million units to the 2 million units 
already being taken by the rest of the works. 
The furnace equipment is operated from the 
standard high-tension three-phase 50-cycles 
supply, while auxiliaries are run from a 440-volt 
three-phase 50 cycles four-wire supply. Power 
to the furnace transformer is controlled by a 
horizontal draw-out triple-pole oil-immersed 
circuit breaker having a rupturing capacity of 
250 MVA at 11 ky. 

The furnace transformer, provided by the 
English Electric Company, Limited, has a rating 
of 15,000 kVA, 11 kV, three-phase, 50 cycles, 
and is of the circulating oil-filled type. It is 
in two sections, the first transforming the 11 kV 
to 22 kV, at which voltage the tappings are 
made, and the second section transforming 
down to the final output voltage. This voltage 
can be varied in 21 steps, from 325 to 90, the 
tapping variations being made “ on load.” 


RAW MATERIALS 


Before dealing with the disposition of the 
raw materials, it is interesting to note that to 
provide the 100,000 sq. ft. of level site, on part 
of which the new melting shop now stands, it was 
necessary to cut into a hillside and excavate 
some 750,000 tons of earth and rock. This 
excavated material was carried by lorries across 
the valley on to the opposing hillside and is being 
used to build up a series of levelled playing fields 
within the boundaries of the Stocksbridge 
Urban District. 

in close proximity to the new melting shop, 
and also on the newly-excavated site, has been 
laid out a new raw-materials stockyard to 
feed both the existing open-hearth melting shop 
and the new 60-ton electric furnace, and centralise 
the handling of raw materials previously under- 
taken on three different sites. Over the stock- 
yard there are two gantries each of 90 ft. span 
anc 1,010 ft. in length. Each gantry supports two 
5-ton capacity electric overhead cranes equipped 
with limited-swing magnets. At the eastern 
en“ of the gantries is the alloy store, 50 ft. wide 
by 222 ft. long, arranged transversely and 
Over which is a “ garage”’’ for servicing the 
0\ rhead cranes. The alloy store is equipped 
wi 1 facilities for weighing and drying the special 
all ys prior to their dispatch to the melting 


shops. Altogether, the stockyard will accommo- 
date 50 different varieties of scrap steel and pig 
iron in addition to more than 20 kinds of alloys 
for special steelmaking. 

All raw materials for steelmaking are conveyed 
by railway wagon to the third, or north, bay in 
the new melting-shop building. Here they are 
discharged into two timber-lined bunkers divided 
by a platform into which is built a 60-ton capa- 
city transfer car and weighbridge. A 10-ton 
overhead magnet crane loads scrap into the 
charging basket shown on page 830. This has a 
capacity of 60 tons and it is raised by the 80-ton 
crane of the furnace bay and placed on the 
furnace after the roof has been swung aside, 
the four projecting legs of the basket resting on 
the rim of the furnace spell. The two halves 
of the basket bottom are then opened and the 
contents discharged into the furnace. 


xk * 


DE-ICING CONDUCTOR 
RAILS 


Improved Equipment for Sleet 
Locomotives 


To assist in keeping conductor rails in the open 
section free from ice and snow, London Transport 
have modernised their sleet locomotives by con- 
verting the hitherto manual equipment to semi- 
automatic. The use of such locomotives, with 
their additional bogies carrying ice-cutters, wire 
brushes and anti-freeze sprays, is supplementary to 
the de-icing baths built into the conductor rails 
whereby an anti-freeze fluid is spread along the 
rails by the collector shoes of passing trains. 
The two devices are complementary in function, 
but if an effective distribution of the solution is 
to be maintained during non-traffic hours the 
use of the locomotives is essential. 

To this end the locomotives have been 
improved by converting their de-icing equipment 
from manual to semi-automatic operation, 
with the result that it is no longer necessary for 
each locomotive to have an operator working the 
valves which control supplies of de-icing fluid 
to the positive conductor rail, as the location of 
the rail changes from one side of the track to the 
other. Automatic operation has been attained 
by the use of compressed air controlled by electro- 
pneumatic valves. 

The control current comes from two 5-volt 
batteries, charged from the 600-volt traction 
supply, and the air supply from the main reser- 
voir line, the air being fed through a 30-lb. per 
square inch reducing valve to the various opera- 
ting valves. A switch-panel, located above the 
driver’s look-out windows at each end of the 
locomotive, contains a rotary master switch; 
this not only cuts in the battery supply to the 
switches which control the brush and cutter 
equipment, but also governs the supply of current 
to the spray-actuating valves. The brush and 


To break up the ice 
which forms on conduc- 
tor rails in cold weather 
and to spread an anti- 
freeze fluid along these 
rails, London Transport 
use sleet locomotives. 
The outside (positive) 
conductor often changes 
from one side of the 
running rails to the 
other, so the loco- 
motives are now to be 
fitted with automatic 
equipment which will 
operate only on the 
appropriate side. 
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cutter equipment comprises electro-pneumatic 
valves supplying compressed air to operating 
cylinders which lower the sleet brushes and ice- 
cutting rollers to rail level when required. 

The spraying equipment is actuated by three 
electro-pneumatic valves—two for the positive 
and one for the negative rail—which, by allowing 
air to pass into cylinders, open the valves in the 
de-icing fluid pipe-lines. Gaps in the positive 
rail, and its change of location from one side 
of the track to the other, are automatically 
detected by shoe-operated switches mounted 
on the positive shoe-beams on each side of the 
locomotive; when a shoe drops below rail level, 
its attached strap pulls open a contact to de- 
energise the spray-actuating valve on that side. 
A pneumatic interlock fitted in the braking 
system interrupts the flow of fluid when the loco- 
motive is standing with its brakes on. 


x k * 


INSTITUTION OF NAVAL 
ARCHITECTS 


Yugoslav Meeting in 1955 


An invitation has been received by the Institution 
of Naval Architects to hold their next autumn 
meeting in Yugoslavia from Monday, September 
19, to Tuesday, September -27, 1955. The 
programme suggested provides for the reception 
of the delegates and the reading of papers at 
sessions in Rijeka from September 19 to Sep- 
tember 22. A number of visits to shipyards 
would also take place during this period. The 
remaining five days would be occupied by a cruise 
along the Dalmatian coast to Zadar, Sibenik, 
Split, Dubrovnik and Kotor. 

Persons taking part would leave London on 
the morning of Saturday, September 17, and 
arrive back on the evening of Wednesday, Sep- 
tember 28. It is estimated that the cost of the 
complete trip, which would be open to ladies, 
would work out at about £75 a head. 


SPRING MEETING IN LONDON 


The dates of the Institution’s spring meeting 
have now been changed to Tuesday and Wed- 
nesday, April 5 and 6, 1955. On the opening 
day, there will be morning and afternoon 
sessions for the reading of papers and, in the 
evening, a joint session with the Institute of 
Marine Engineers. The annual general meeting 
of the Institution will take place on the Wed- 
nesday morning. Papers will be read at that 
session and at an afternoon session on the 
same day, and the Institution’s annual dinner 
will be held in the evening at the Connaught 
Rooms, Great Queen-street, London, W.C.2. 

Further information may be obtained from the 
secretary of the Institution, 10 Upper Belgrave- 
street, London, S.W.1. Applications to join 
the party going to Yugoslavia should reach the 
secretary by January 11 next. 








LONDON TRANS! 
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“FNGINEERING” 
Arrangement of stator poles in an experimental 
brushless motor which involves the use of eddy 
currents and can be adjusted to run at different 


speeds. 


VARIABLE-SPEED 
INDUCTION MOTOR 


Copper-Disc Rotor 


A paper entitled ‘“‘ A Brushless Variable Speed 
Induction Motor” presented to the Utilisation 
section of the Institution of Electrical Engineers 
by Professor F. C. Williams, O.B.E., D.Sc., 
D.Phil., F.R.S., and Mr. E. R. Laithwaite, M.Sc., 
describes experiments that have been made in 
this connection at Manchester University. These 
experiments arose from the “linear” three- 
phase motors that have been applied to aircraft 
launching and the pumping of liquid metals. 

The principle of these motors is that if an 
infinite weightless conducting sheet is placed 
over a stator consisting of a multiphase winding 
arranged in a straight line, eddy currents will 
flow in the sheet and cause it to move along the 
stator, ideally with the same velocity as the field. 
If, however, the sheet is constrained to move 
at an angle to the direction of the field, its linear 
speed will be changed; experiment has shown 
that it will be increased so that its component 
in the direction of the field will be that of the 
field. 

The illustration shows the apparatus used for 
the preliminary experiments. A plain copper 
disc was used and the “* square ’’ poles could be 
rotated to vary the angle 8. Experiments showed 
that variations in speed could be obtained and 
theoretical values for these were worked out. 
Later, an improved machine was built, using a 
copper disc | ft. in diameter and 4 in. thick in 
which 1,200 iron rivets had been inserted to give 
magnetic paths. The stators were 2:1 in. 


square and air gaps were reduced to a minimum. 
It was found that rotating the poles gave slightly 





more than a 2-to-1 speed ratio when a 150-cycle 
supply was being used. When running on a 
600-cycle supply, an efficiency of about 40 per 
cent. was obtained. The machine also had 
generating possibilities, as would be expected 
from theory. 

The authors considered that a machine in 
which the rotor was part of a sphere and the 
stators were placed on the periphery would not 
suffer some of the defects of the disc rotor and 
would have a higher efficiency. Alternatively, by 
pivoting the stators from a point beyond the 
disc of a disc machine, it would be possible to 
produce a constant power effect over the speed 
range. 
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TYRES FOR TRACTORS 


A Substitute for Crawler 
Tracks 


For civil-engineering plant, and for other vehicles 
which have to move over rough terrain, it is 
essential that there shall be large contact areas 
with the ground so that low bearing pressures 
result. In the past, this requirement has been 
met by the use of track vehicles, but the tracks 
themselves are open to criticism: they are heavy 
and expensive in first cost as well as in main- 
tenance; their active life is short; they absorb 
in friction between the links a great deal of the 
available power in the vehicle; and finally, 
steering is limited to that achieved by the relative 
braking of the two tracks to the general detriment 
of the ground surface. 

The substitution of large tyres—and rubber 
technology is far enough advanced to produce 
tyres of adequate toughness—meets, at least in 
part, several of these objections to the tracks. 
The large-diameter tyre, though it gives a 
reasonable contact area, is of such a weight, 
however, as to require mechanical handling, and 
the inertia involved necessitates a heavy driving 
mechanism. With the Straussler-Lypsoid tyre, 
illustrated below fitted to a tractor, the require- 
ment of a large ground-contact area is obtained 
by a tyre section which is not almost circular but 
part of a very flat arc. 

The proportions the of tyre are such that, under 
load, the crown of the arc bends inwards, 
though the angular deflection is small, the metal 
rims of the wheel disc gripping the reinforced 
tyre edges. Air pressures are low, being of the 
order of 10 to 15 lb. per square inch to permit 
large inward deformations of the tyre; indeed, 
it is claimed that obstructions such as rocks as 
much as 10 in. in height can be run over by the 
tyre without daylight showing below the tyre or 


Provided a sufficiently 
ground-bearing 
pressure can be reached, 
the large pneumatic tyre 
has several advantages 


over crawler tracks, 
eliminating, in particu- 
lar, the loss in power 
due to friction between 
the track links. 
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any movement being observed on an uns 


run, 
chassis. The natural frequency of the ty: pe 
to the large volumes of air contained 2: low 
pressure, is about 90 cycles per minut: : this 
figure is comparable with that of a well-des' ned 


spring and is to be compared with 400 per n 
for normal tyres under medium pressures. 
provision of springs is therefore less nec: 
and less critical than with ordinary ‘vres, 
Ground pressures will vary considerably with 
the vehicle concerned but are similar to those 
found below a track vehicle, namely, 6 to 12 Ib. 
per square inch. 

The tyres, which are made and distributed by 
Nicholas Straussler and Company, Limited, 
5 Clarges-street, London, W.1, are availabie in 
the following sizes :— 


nute 
The 
sary 
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Overall | Overall | Areain | Load | Diameter | Weight 
Dia., | Width, Soft | Capacity,| Inside of | of Tyre, 
in. | in. || Ground, Tons. | Rim, in. Ib. 
| sq. in. } 
— ze | . —__—— —— _ 
| | Wik 
4 | 2 | oo | 2 17} 145 
re ne 203 | «236 
52. | 28 100 | 7 | 2 | 312 


Also in course of preparation is an even larger 
tyre of 60 in. overall diameter with a load 
capacity of 10 tons. 

The deep tread gives good traction character- 
istics in soft soils and the involute shape of the 
tread does not tend to pick up the soil; the long 
pitch of the tread also helps to keep the wheel 
clean. The rim diameter is such that large 
powerful brakes can be accommodated, and the 
inside flanges of the rims are vulcanised on to 
the tyre itself, thereby facilitating rapid and easy 
assembly and removal. A life of between 30,000 
and 40,000 miles is claimed for these tyres. 


x *k* * 


IMPROVING CONCRETE 
FLOORS 


Additives for Hardening, Dust 
Laying and Waterproofing 

A problem which frequently arises with concrete 
floors is that wear on them produces dust. 
Apart from being merely a nuisance, such dust 
is intolerable where high precision work is being 
carried out or where it can form a grinding paste 
on oily surfaces. Consequently, various materials 
have been produced designed to harden the 
surface or reduce the dust in some way. Evode, 
Limited, Glover-street, Stafford, have developed 
materials to be known as Prover II and V (for 
new and old floors, respectively) and Mellitol 
for hardening and waterproofing the concrete base. 

Prover II and V can be used on either cement, 
concrete or granolithic floorings and are claimed 
to penetrate a considerable depth below the 
surface so that the hardened layer is not quickly 
worn off. The makers state that hard compounds 
are formed by the lime and calcium of the 
flooring which, having a larger volume than the 
originals, render the surface more dense as well 
as improving its abrasion resistance. Prover Il 
is a crystalline substance which is laid with the 
new floor, while Prover V is a solution for 
brushing into an old one. Three applications of 
Prover V are required, at intervals of 24 hours. 
After the first treatment, the floor can be used 
within an hour. Between the second and third 
treatments the floor is not affected by use and 
the third can, if necessary, be delayed for several 
days without any adverse effect. Méellitol is 4 
powder which is claimed to waterproof and 
increase the strength of base concrete when 
added at the rate of 1 lb. of powder to 100 !b. 
of cement. 
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The Town radial drilling machine has a capacity 

of up to 24 in. in steel and 3 in. in cast iron, and is 

available with 4-ft. to 8-ft. radius arms. All the 
controls are centralised on the saddle, 


RADIAL DRILLING, 
BORING AND TAPPING 
MACHINE 


A new radial drilling, boring, tapping and 
studding machine introduced by Frederick Town 
and Sons, Limited, Mile Thorn, Halifax, is 
made with arms of 4 ft., 4 ft. 6 in., 5 ft., 6/ft., 7 ft. or 
8 ft. radius. It will drill up to 24 in. diameter 
in steel and up to 3 in. diameter in cast iron. 
The tapping range is up to 14 in. diameter 
Whitworth, in steel, and boring up to 8 in. 
diameter can be done in suitable materials. 
All the controls are centralised on the saddle. 


ALTERNATIVE SPINDLE-SPEED 
RANGES 


The spindle, which is machined and ground 
from forged high-carbon steel, is carried in a 
hard steel sleeve, with phosphor-bronze bushes 
at the top and bottom, and ball thrust bearings. 
There is a spring counterbalance for the spindle 
and sleeve. The spindle-end is bored to a 
standard Morse taper, and has a cotter-hole 
for boring bars and tapping attachments. A 
5-h.p. constant-speed rapid-reversing motor 
mounted vertically at the top of the saddle 
drives the spindle through a change-speed gear- 
box. Twelve speeds, from 34 to 1,000 r.p.m., are 
available, selection being made by a lever and 
gate at the right of the saddle. Speed ranges 
of 23 to 670, 28 to 825, or 51 to 1,465 r.p.m. 
are available as alternatives. An index plate is 
provided to show the change-speed lever positions 
for different drill diameters when drilling steel 
or cast iron under normal conditions. Feed 
rates are also indicated on this index plate. 
The spindle is started, stopped and reversed 
by a single-lever switch on the saddle, controlling 
a contactor panel at the rear of the machine. 
yur rates of power feed. are available, the 
rane being from 70 to 180 cuts per inch. A 
Single lever, with an index plate, is located 
on the saddle for selecting the feed rates, any 
one of which can be used with any spindle 
sped. There is an automatic trip with a 
gre iuated index and an adjustable stop for drill- 
Ing holes to any depth within the full 15 in. 
tra erse of the spindle. Automatic tripping is 
als’ provided at each end of the spindle traverse; 
thi: works independently of the adjustable stop, 
anc prevents over-traversing in either direction. 


Sed 


A slipping clutch is provided in the feed drive. 
Manual control of the spindle traverse is by 
means of a double handle on the front of the 
saddle; when pushed in, this handle engages the 
power feed. A fine-feed handwheel is located 
at the bottom of the saddle. This handwheel 
remains stationary when the power feed is 
engaged. 

Other controls on the saddle are a hand-lever 
which locks the saddle on the radial arm and the 
arm on the pillar simultaneously, and a lever 
switch controlling the vertical movement of the 
arm, which is raised and lowered by a vertical 
motor and gearbox on the top of the column. 
There is also an ammeter with overload indica- 
tion, to show the loading of the spindle-drive 
motor. All the working parts on the saddle are 
provided with pump lubrication, with visual oil- 
flow and oil-level indication. The gears for the 
arm-elevating drive run in an oil-bath, with 
oil-level indication. 


BASE-PLATE OR BOX-BED 


The machine is normally equipped with a base- 
plate of cast iron, with T-slots for work clamping 
and a hole to accommodate steady-bushes when 
boring. If required, two or three base-plates 
can be provided so that work can be drilled on one 
plate while the others are being unloaded or 
work is being set up. A box-bed is also available 
as an alternative to the base-plate. This bed is 
planed on the top, front side and bottom, and 
has T-slots on the top and front side. A hole 
for steady-bushes is also provided. In the case 
of both the base-plate and the box-bed, a cutting- 
lubricant sump is formed in the bed underneath 
the column, and an electrically-driven suds pump 
can be supplied if required. 
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WIDE-RANGE MEASURING 
OSCILLOSCOPE 


The WM.5 oscilloscope, made by E.M.I. 
Factories, Limited, Hayes, Middlesex, displays 
a waveform and at the same time gives voltage 
and time readings from the waveform on meters 
placed on each side of the cathode ray tube. 
The oscilloscope consists basically of two parts, 
the display unit and the power unit, but there are 
a number of standard sub-units which can be 
added to increase the instrument’s range. It is 
designed for measurements in many fields, some 
of which are: electronic pulse circuitry, nucleonic 
investigation, high definition radar, high-voltage 
pulse tests, electronic computers, camera chan- 
nels and transmitters’ line and radio link systems 
for television. 

One of the new features of the basic oscillo- 
scope is the instantaneous voltage measurement 
of either alternating or direct currents; this is 
done by a multi-range voltage measuring bridge 
circuit combined with Y shift and long-scale 
meter, which gives by direct reading a precise 
and immediate measurement of the displayed 
waveform. It is claimed that this system is 
unaffected by variations in the linearity or 
sensitivity of either the amplifier or the cathode- 
ray tube. Another new feature is the instan- 
taneous measurement of time from the waveform 
on the display unit, by which the time measure- 
ment is presented on a meter. The range of 
measurement is from 1/10 second down to 
10 milli-micro seconds. 

The Y amplifier affords switch selection of two 
conditions of gain/bandwidth; (1) High gain 
direct current-9 megacycles and (2) how gain 
direct current-25 megacycles. Dual, differential 
input channels with attenuation allow signal 
comparison and mixing. A gated amplifier 
eliminates distortion over-loading and allows 
alternating or direct current input potentials up 
to 500 volts. An anti-flutter circuit allows the 
reference potential of the oscilloscope circuit to 
float in sympathy with that of a live mains 
circuit under investigation thus permitting a 
stable vertical signal display. There is a variable 
control for the cathode-ray tube high-tension 
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supply and bias which gives a deflection sensi- 
tivity control ratio of 10 : 1 with stable frequency 
response. The full value of the high-tension 
supply is available for fast single transient 
study, measurement and photo-recording. 

Another feature is the eleven-range precision 
time base with sensitive phase/frequency selective 
drive amplifier; the sweep speed range is from 
33 cm. per second to 200 cm. per micro-second. 
Time intervals over this range are read directly 
from a meter dial. The horizontal sweep may be 
delayed with respect to a trigger or synchronising 
signal by any interval within the range 1 micro- 
sec. to 1 sec. according to the selected sweep 
range. The linear sweep flyback preceding the 
main sweep on any time range can be used to 
give a compressed signal display. The pre- 
sweep period can be varied from 1 to 150 times 
the selected main sweep period. »Any long term 
signal train can be displayed in compressed form 
on the linear pre-sweep trace. From this any 
small section can be selected and simultaneously 
displayed in expanded form by the normal sweep. 

In addition to the display unit and power 
unit there are at present four additional sub- 
units available, and others are being developed. 
The first of the four is the input unit type 1, 
which affords a special coupling circuit for the X, 
Y, Z or sweep channels as follows: cathode- 
follower high-impedance input; cathode-follower 
probe input or signal-delay channel and step 
attenuator; the overall bandwidth is 40 mega- 
cycles. The second optional sub-unit is the 
pre-amplifier unit type 3, a 40-megacycle band- 
width distributed pre-amplifier giving high 
sensitivity when added to the Y1, Y2, X1, X2, Z 
or time base drive channels. The third is the 
pre-amplifier unit type 4, which is a 10-mega- 
cycle bandwidth multi-purpose pre-amplifier 
suitable for use as an X, Y or Z pre-amplifier or 
in conjunction with a delay input unit. 

The fourth optional sub-unit is the line 
selector type 1, or picture-monitor adaptor for 
television, which enables the following to be 
selected for display: complete television picture 
or expanded portion; selected line waveform 
or expanded portion; odd or even frames; 
line synchronisation, frame synchronisation, or 
marker pulse. 





A measuring oscilloscope with a wide range of 
applications. Time and voltage measurements 
from the displayed waveform are shown on the 
dials on each side of the cathode-ray tube. 





Fig. 7 This dryer can be used for grain or grass. 
ventilation opening is boarded up when the building is used for storage, 
and the loading platform is independent of the building. 
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MACHINERY 


EXHIBITION 


Concluded from page 803 


As world production of food increases, so some 
British farmers fear that foreign competition may 
bring them difficult times in the near future, and 
force them to curtail capital expenditure. In 
spite of this possibility the total attendance at 
the Smithfield Show was more than 66,000, and 
it is clear that the farmer is still keen to increase 
his use of mechanical aids. There have been 
attempts, however, to make any one item of 
capital do as much work as possible, In the 
case of tractors there is an ever-increasing selection 
of implements which can be mounted on the 
tractor; in the case of static plant the aim is to 
keep it in use for as much of the year as possible. 
A good example of the last trend is the multi- 
purpose dryer, a result of co-operation between 
research organisation, manufacturer, and farmer. 


MULTI-PURPOSE DRYER 


Since 1950, platform grain dryers have been 
installed on- farms in ever-increasing numbers, 
and during the season of 1954 there must have 
been well over a thousand of them in use through- 
out the country. Some farmers have already 
tried to extend the use of their grain-dryers to 
dry grass, and thus produce a valuable winter 
feed for their cattle, but usually with limited 
success. It has been found that only a shallow 
loading of grass can be dried, and that the grass 
must be first wilted in the field to around 30 to 40 
per cent, moisture content before it can be loaded 
into the dryer, The output in such cases is small 
and due to uneven drying the time and cost of 
drying are unpredictable. These difficulties 
have been largely overcome in a plant designed 
by the Electrical Research Association and built 
by Mr. B, E. Parsons with his own farm labour 
at Church Farm, Eversley, Hants. 

The platform of the grain dryer is designed for 
40 sacks of grain, each sack being laid over a 
grating through which the dry air passes; there 
is an extra truck-run of blank slabs running from 
front to back giving a total platform area of 
245 sq. ft. The front and back walls of the 
building are carried up to a height of 7 ft. from 
the platform, and between that height and the 
roof there is a ventilation opening extending the 
complete length of the walls, 1 ft. 6 in. high at 
the back and 3 ft. 6 in. high at the front. The 
front opening, as shown in Fig. 7 is used for 
loading the grass into the dryer, and both 
openings are boarded up when the building is 
used for storage. When grass is loaded on to the 
dryer the platform is laid with wattle fencing to 


prevent the grass falling through the gratings 
where the grain-sacks are dried. 

The main difference between grass-drying and 
grain-drying is the amount of water to be 
removed. Drying a ton of grain for safe storage 
may involve the removal of only 100 to 150 lb. of 
moisture, but to produce a ton of grass, dried 
sufficiently for baling or stacking, may well 
entail the evaporation of 3 to 4 tons of moisture. 
To reduce the work that the dryer has to do 
the grass is wilted in the field, when possible, to 
a moisture content of 55 to 65 per cent. It is 
then loaded into the dryer, and the moisture 
content reduced to 30 per cent. by blowing cold 
air through it. 

To do this an airflow of 13,500 cub. ft. per min. 
at a maximum water-gauge pressure of 2 in. is 
needed; this compares with 2,000 cub. ft. per 
min, at a pressure of } in. water guage needed to 
dry 40 sacks of grain extracting 4 per cent. 
moisture per hour. To use drying plant for both 
grass and grain the simplest and cheapest method 
is to use two fans, and in the experimental 
dryer two identical 19-in. 2,850-r.p.m. axial- 
flow fans were installed. The illustration in 
Fig. 8 shows the two fans; an 18-kW heater, 


Fig. 9 The 40-h.p. 
tractor shown here is 
steered by brakes and 
clutches, and has a 
maximum sustained 
drawbar pull of 7,750 
Ib.; top speed is 11 
m.p.h, 
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Fig. 8 - On the right is the booster fan used for blowing additional c\ld 
air through grass in the drier. 


On the left is the 18-kW heater mount'4 
in front of the main fan. 


supplied by G.E.C., Limited, Magnet Hous:, 
London, W.C.2 is mounted in front of one f n, 
The method of operation is to load the gz: 3s 
into the dryer, blow cold air through for two or 
three days until the moisture content has been 
reduced to 30 per cent. The heater is then 
switched on, and the air is dried by the heater 
before the fan passes it through the grass; the 
other fan has an airtight baffle fitted to seal the 
plenum chamber when only one fan is in use. 
Results have so far proved satisfactory, and it 
appears that if the fan capacity of a dryer can be 
increased sufficiently there is no reason why the 
average grain dryer should not also be used to 
dry grass. 


DESIGN OF GRAIN-DRYERS 


During the Show, on December 9, a lecture 
was given by Mr. C. Culpin, M.A., on “ Venti- 
lated Silos for Grain Drying and Storage on the 
Farm.” Mr. Culpin dealt with the “ in-bin” 
dryer, and pointed out a number of faults that 
could arise from incorrect design. One of the 
most surprising things was the resistance to air 
of the components of a ventilated silo, the ducts, 
floors, and the grain itself. The greatest varia- 
tion occurred in the resistance of the floor; 
in a test at the N.I.A.E. the resistances in inches 
of water gauge to an air speed of 15 ft. per minute 
were, respectively, 0-03 in. for Malt Kiln tiles and 
0-63 in. for 2-in. commercial foamed-slag 
blocks; the spaces between both the tiles and the 
blocks were pointed. Cases were recorded where 
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Fig. 10 Hopper and scoops fitted to a general-purpose elevator for handling grain in bulk. 


he resistance was much higher, and in some 
nstallations there was undoubted inefficiency 
‘ue to floor resistance. Materials which had 
1 cently been tried as floor covering were wedge 
‘jire and perforated metal; the resistance of 
both was very low, but wedge wire was expensive 
compared with slag blocks or tiles. 

In the design of a drying plant all local condi- 
tions should be carefully considered. Once the 
amount of moisture that has to be extracted from 
the grain in the silo is known, then suitable 
fans and heaters can be provided. Mr, Culpin 
described the requirements for satisfactory fan 
performance, different methods of heating the air, 
and some practical layouts of dryers. Finally 
he stressed the importance of making constant 
tests on the operation of the plant; the instru- 
ments needed were few and their operation 
simple, but their use could make all the difference 
to the quality of the grain when it was taken out 
of storage. 


AUTOMATIC HUMIDITY CONTROL 


One method of ensuring a flow of air of the 
correct relative humidity through the grain was 
shown on the stand of Opancol Limited, 3-4 
Sherwood-street, London, W.1. The apparatus 
consists of an electric-contact hygrometer with 
three adjustable contacts, one for each of the 
three banks of heaters which make up the air 
heater, and a control panel. The hygrometer 
can be mounted either in the air duct, in which 
case it shows the relative humidity of the air 
actually being passed into the bin, or near the 
fan intake, where it will switch the heaters on 
and off according to atmospheric conditions. 
The three contacts are set by the farmer according 
to the moisture content of the grain required, 
and the banks of the heater will be switched 
on or off automatically as the relative humidity 
of the air varies. The banks of the heaters are 
controlled by contactors in the control panel, 
and pilot lights indicate when each bank is 
switched on. 


40-H.P. TRACTOR WITH HIGH 
TOP SPEED 


One of the most interesting exhibits at the 
Show was the County Fourdrive tractor, illus- 
trated in Fig. 9, made by County Commercial 
Cars, Limited, Fleet, Hampshire. The tractor 
was made in response to requests from overseas 
for a machine capable of higher operating speeds 
than the crawler tractor yet with sufficient 
power to attain a high proportion of the crawler’s 
Crawbar performance. The power unit is a 
lordson Major Diesel engine, developing 40-5 
brake horse-power at 1,600 r.p.m.; transmission 
is through a Fordson Major gearbox, clutch and 
crake steering, and chain drive to the front 
\ heels. The steering clutches are operated by 
hand levers and the brakes by pedals, working 
independently of each other. The front hubs 
© carried on splined shafts mounted on heavy 


duty ball bearings housed in the chain cases, 
and are driven by chain from the rear axle; the 
chain is tensioned by an eccentrically-mounted 
adjuster sprocket, and the whole drive is totally 
enclosed and runs in oil. The drawbar is of the 
swinging type with a rear jaw which has a gap of 
24 in.; the lateral swing is 25 in., and the height 
above ground to the centre of the jaw 154 in.; 
the diameter of the coupling pin is 1} in. There 
are six forward speeds and two reverse, and the 
maximum speed is 11:06 m.p.h.; the maximum 
sustained drawbar pull is 7,750 lb. in first gear, 

Tests have been carried out by the N.LA.E. 
on the tractor, and in addition the makers have 
investigated the tractor’s uses in specialised 
fields. Fitted with a Boughton 4000 winch 
(maximum pull 16,500 Ib.), and 13-in. by 24-in. 
ballasted tyres at a pressure of 12 lb. per square 
inch, the machine operated satisfactorily in 
wet autumn conditions, hauling timber without 
a skid pan or timber arch and weights of 3 to 
34 tons at an average speed of 2 to 3 m.p.h. 
Earthmoving tests showed that its high top speed 
drawing a 3 cub. yd. scraper enabled the full 
cycle of digging, hauling, dumping, and returning 
to be completed in about half the time needed 
by a crawler of the same horse-power. 


MORE USES FOR ELEVATORS 


An adaptation of the Lister general-purpose 
elevator G.P.12 to handle loose grain was 
shown by R. A. Lister and Company, Limited, 
Dursley, Gloucestershire. The special attach- 
ments, shown in Fig. 10, consist of a hopper and 
31 scoops; the scoops are provided with clips 
to enable them to be attached quickly and simply 
to the elevating bars. The hopper can be filled 
by shovel, or sacks can be emptied directly into 


Fig. 11 The power take- 
off uses the car engine; 
one back wheel is 
jacked off the ground, 
the unit is __ slid 
under it, and the car 
lowered until the drive 
is transmitted to the 
take-off pulley. 
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it; with the hopper removed, the elevator can be 
pushed into a heap of grain and the scoops 
pick up grain from the heap. A feed control 
box is incorporated to maintain the correct 
flow of the grain to the scoops at all operating 
heights of the elevator. To prevent any throw- 
back from the scoops and to direct the grain 
accurately, there is a delivery shoot at the top of 
the ramp; a tray is provided to collect the initial 
spill from the scoops and return it to the hopper. 
With the scoops and the hopper the G.P.12 
can handle about 10 tons of loose grain per hour. 

On the stand of the Wolseley Sheep Shearing 
Machine Company, Limited, Witton, Birming- 
ham, 6, was an “all-purpose” elevator. It is 
claimed that this elevator can handle both bulk 
and unit loads without special attachments for 
different types of load, and without sacrificing 
mobility or range. It is of all-steel construction 
with a total weight of 13 cwt.; although it has 
a carrying capacity of 6 cwt. it can be moved 
over ordinary ground by one man. The con- 
veyor belt consists of a pre-stretched cable chain, 
steel slats and canvas trays; the canvas trays 
are held in the shape of troughs which carry 
the bulk loads, and the steel slats carry the unit 
loads. Delivery height can be adjusted between 
7 ft. 6 in. and 19 ft., and by fitting the Wolseley 
air-cooled engine, the speed of which can be 
varied between 650 and 1,500 r.p.m., a corre- 
sponding range of elevator speeds can be 
obtained. Among many applications to which 
this elevator can be put are the handling of 
baled hay, loose grain, manure, dried grass, 
silage, sand, gravel, and cement. 

A sheep-shearing attachment designed for the 
three-point linkage of a Ferguson tractor was 
also exhibited on the stand of the Wolseley 
Sheep Shearing Machine Company. The “‘Shear- 
mobile” allows the farmer to transport his 
shearing equipment quickly and economically 
from one place to another. There can be either 
one or two shearheads, and they are driven 
through flexible drives and a belt connected to 
the power take-off. 


POWER TAKE-OFF FOR CARS 


A useful device for making the engine of a car 
drive static machinery was on the stand of 
Weighers (Livestock), Limited, Batley, Yorkshire, 
and is shown in Fig. 11. The “* Multi” power 
take-off is a welded-steel unit about 6 ft. long 
with one driven pulley and one idler, both of 
which are mounted on journal ball bearings. 
The method of use is to jack one rear wheel of 
the car about 1 in. from the ground, remove the 
idler and slide the frame into position under 
the wheel until the driver pulley contacts the 
tyre; insert the idler into the required slot 
according to the size of the wheel, and lower the 
jack until there is sufficient weight to drive the 
pulley. Power can be taken off by V-belt 
pulley, flat pulley or chain sprocket, or the 
driving shaft can be fitted with a universal joint 
to take off flexible drives. 








HYDRAULIC INTENSIFIER 


ELECTRICALLY CONTROLLED EQUIPMENT FOR 
PRODUCING VERY HIGH PRESSURES 


Very high hydraulic pressures cannot always be 
obtained by a single-stage pump and it is often 
convenient to use a hydraulic intensifier to give 
the values required. The basic principle of this 
is that of a differential piston in which a low 
pressure acts on a large area to produce a high 
pressure on a small area. A unit with an 
electrically driven pump is now being made by 
Fawcett Preston and Company, Limited, Brom- 
borough, Cheshire, which uses such an intensifier 
to produce hydraulic pressures up to 10,000 Ib. per 
square inch, 

This equipment can be supplied either as a 
mobile unit, as shown in the illustration, as a 
fixed unit or ‘with ‘the pump and _ intensifier 
supplied separately and built into an existing 
system. In the form illustrated, the mechanism 
is housed in the upper half and the lower forms 
the oil reservoir. Pressure gauges and controls 
are mounted at one end and at the other are the 
bayonet socket for the electrical supply and the 
high-pressure outlet from the intensifier. It is 
therefore possible to connect up the unit wherever 
it is required and to move it from place to place. 

The low-pressure pump is driven by a 10-h.p. 
motor which operates from a 415-volt 3-phase, 
4-wire supply. From this supply is also taken 
the single phase supply for the control panel. 
Stop and start buttons control the motor, and 
oil is pumped continuously at the rate of 8 gallons 
a minute up to a pressure of 1,500 Ib. per square 
inch, there being unloading valves in the circuit 
which maintain the desired pressure. In the 
illustration the side panels have been removed to 
show the motor and pump with the intensifier 
behind. A_ solenoid-operated two-way valve 
feeds the oil to either side of the low pressure 
piston as required, 

In this equipment, the intensifier has a central 
low-pressure piston with a high-pressure piston 
at each side of it. It is possible to use oil in both 
high and low-pressure circuits or, alternatively, 
water in the high-pressure side and oil in the low. 
In the former case the pressure magnification can 
be increased by allowing low-pressure oil to 
operate on the high-pressure piston as well as on 
the annulus of the low-pressure piston. The 
ratio would then be 1 to 54. When water is 
used on the output side and the oil has only the 
annulus to act on, the magnification is reduced 
to | to 4. 

The pump output pressure is controlled by the 
electric pressure gauge on the control panel. 
Contacts on this can be set to the desired figure 
and when this is reached and the contacts closed, 
a solenoid-operated pilot valve is actuated which 
in turn controls the unloading valve in the pump 
circuit. On the delivery side of the pump is 
a non-return valve and an adjustable safety 
valve. In the high-pressure system is a similar 





contact pressure gauge, also on the control panel, 


_which can be set to the desired pressure and, 


when this is reached, will cause the main low- 
pressure two-way valve to move to the central 
position, thereby stopping the movement of the 
intensifier piston. In addition, on the control 
panel are stop and start push-buttons to enable 
the operator to “inch” the piston if required 
or to operate the intensifier independently of 
the automatic controls. 

The range of application of this equipment is 
wide. Although designed as a pressure unit to 
supply hydraulic machines such as presses, it 
can also be used for hydraulic testing of pipes 
or vessels. Intensifiers can be made to give 
higher pressures, as may be required in the latter 
work where pressures of 30,000 Ib. per square inch 
are not uncommon. In contrast by the addition 
of suction and delivery valves, the intensifier 
can be used as a slow speed pump for high 
density fluids or for filter-press circuits such as 
are common in the food industry. 
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CONTRACTS 


Steam Locomotives. The Indian Government 
Railways have placed an order for 25 type-WG 
steam locomotives with the NorTH BritIsH 
Locomotive Co. Ltp., Springburn, Glasgow, N. 


Induction Furnace. Further to their recent order for 
four electric-arc melting furnaces valued at 
£115,000 and particulars of which were given on 
page 552 of our issue of October 29, the Tata 
Locomotive and Engineering Co. Ltd., India, 
have commissioned a mains-frequency coreless 
induction melting, superheating and _ holding 
furnace from the same suppliers, BrrLec LTp., 
Tyburn-road, Erdington, Birmingham, 24. The 
new unit will have a capacity of 5 tons, a melting 
rate of 8 cwt. per hour, and a superheating rate of 
100 deg. C. per 6 tons per hour. Automatic 
power-reduction equipment will be incorporated 
for strictly holding duties. The five new furnaces 
will be able to produce steel castings of 20 tons 
and over, small steel castings and grey-iron or 
alloy-iron castings. 


Power-Station, Transforming-Station and  Trans- 
mission-Line Equipment. Contracts have been 
placed by the British Electricity Authority, during 
November, for power-station, transforming-station 
and transmission-line equipment, amounting in the 
aggregate to £1,817,604. The principal contracts 
include: for Marchwood power station, near 
Southampton, 11-kV and lower-voltage cables, 


with the LONDON ELEcTRICITY BoaRD; for Castle 
Donington power station, near Derby, auxiliary 
power control and instrument cables, with BRITISH 
INSULATED CALLENDER’S CABLES L1D.; for Notting- 
ham power station, a circulating-water tunnel and 
outfall, with MARPLEs, RIDGWAY AND PARTNERS 
LtD.; 


for Ocker Hill power station, Tipton, 


The low-pressure pump, 
driven by an electric 
motor, feeds oil through 
a two-way valve to the 
low-pressure piston of 
the intensifier which can 
be seen at the back. 
When the pressure set 
on the high-pressure 
gauge is reached, a 
solenoid moves the valve 
to its neutral position. 
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Staffordshire, main civil-engineering works, vith 
LEHANE, MACKENZIE & SHAND, LTD.; for F:- ger- 
stone power station, Monmouthshire, two 75- VA 
11-8/70-8-kV generator transformers, with A. 
Parsons & Co. Ltp.; for Wakefield power st: on, 
Yorkshire, foundations to coal-handling | «nt, 
with M. Harrison & Co. (LEEDS) Ltb.: for 
Bedford 132-kV substation, 132-kV 2,500-\ VA 
switchgear, with A. REYROLLE & Co. Ltp.° for 
East Yelland substation, near Barnstaple, 13.-kV 
2,500-MVA switchgear, with the BRITISH THOM >N- 
Houston Co. Ltp.; for Margam substation, ear 
Swansea, 45-MVA_ 132/66-kV transformers, | ith 
the GENERAL ELeEctric Co. Ltp.; for Tir John ind 
Ystradgynlais substation, Swansea, 132-kV 2,00- 
MVA switchgear, with the METROPOLITAN-VICKERS 
ELECTRICAL Co. Ltp.; for Monks Fryston and 
Ferrybridge B, 275-kV and 132-kV overhead lines, 
with BaLrour BEATty & Co. Ltp.; and for 
Redhouse to Cupar, 132-kV overhead lines, with 
W. T. HENLEY’s TELEGRAPH WorkS Co. L1Tp., 


x * * 


LAUNCHES AND TRIAL 
TRIPS 


S.S. “Sir WILLIAM WALKER.”’—Single-screw col- 
lier, built by Austin and Pickersgill, Ltd., Sunderland, 
for the British Electricity Authority, London, W.1. 
(Managers: Stephenson Clarke, Ltd., London, 
E.C.3.) Main dimensions: 340 ft. overall by 
43 ft. 6 in. by 20 ft. 3.in. to upper deck; deadweight 
capacity, 3,680 tons on a summer draught of about 
18 ft. Direct-acting triple-expansion steam engine 
of reheat design, constructed by the North Eastern 
Marine Engineering Co. (1938), Ltd., Sunderland. 
Steam supplied by two oil-burning boilers. Service 
speed, 11 knots. Trial trip, November 11. 


M.S. ‘* BERMUDA.”’—Single-screw trawler, built by 
Cochrane and Sons, Ltd., Selby, Yorkshire, for 
Claridge Trawlers Ltd., Lowestoft. Main dimensions: 
102 ft. 6 in. between perpendiculars by 23 ft. by 
11 ft. 3 in.; gross tonnage, 190. Six-cylinder four- 
stroke compression-ignition Diesel engine with oil- 
operated reverse-reduction gear, developing 403 b.h.p. 
at 430 r.p.m. in service, constructed by Ruston and 
Hornsby, Ltd., Lincoln. Launch, November 27. 


M.S. ‘‘ THorpts.’’—Single-screw oil tanker, built 
and engined by the Gétaverken Shipyard, Ltd., 
Gothenburg, Sweden, for Ténnevolds Rederi A/S, 
Grimstad, Norway. Main dimensions: 550 ft. 
overall by 60 ft. by 39 ft. 3 in.; deadweight capacity, 
about 17,500 tons on a draught of 30 ft. 2 in. Gdta- 
verken nine-cylinder single-acting two-stroke Diesel 
engine, developing 6,750 b.h.p. at 112 r.p.m. Loaded 
speed, about 15 knots. Launch, November 30. 


S.S. “* DAPHNE.”’—Single-screw cargo vessel, built 
by William Gray & Co., Ltd., West Hartlepool, for 
the Daphne Steamship Co., S.A., Panama. Main 
dimensions: 431 ft. between perpendiculars by 
57 ft. 6 in. by 38 ft. 3 in. to shelter deck; deadweight 
capacity, 10,050 tons on a draught of 26 ft. 64 in. 
Triple-expansion steam engine, working in conjunc- 
tion with a Bauer-Wach exhaust turbine, constructed 
by the Central Marine Engine Works of the ship- 
builders. Steam supplied by three forced-draught 
oil-fired boilers. Service speed, 10 knots. Trial 
trip, December 3. 


M.S. ‘* WESTERN PRINCE.”—Single-screw cargo 
vessel, built and engined by Harland and Wolff, Ltd., 
Govan, Glasgow, for the Prince Line, Ltd., London, 
E.C.3. First of two sister ships. Main dimensions: 
435 ft. between perpendiculars by 61 ft. by 38 ft. 6 in. 
to shelter deck; deadweight capacity, about 10,000 
tons on a draught of 27 ft.6 in. Harland-B. and W. 
five-cylinder single-acting two-stroke opposed-piston 
oil engine. Launch, December 9. 


M.S. “* Victoria City.”—Single-screw cargo vessel 
built and engined by William Doxford and Sons, 
Ltd., Sunderland, for Sir William Reardon Smith 
and Sons, Ltd., Cardiff. First vessel of a series of 
four. Main dimensions: 436 ft. 6 in. between 
perpendiculars by 59 ft. 2} in. by 28 ft. 8 in. ; dead- 
weight capacity, about 9,300 tons. Doxford four- 
cylinder opposed-piston oil engine. Launch, Decem- 
ber 9. 


M.S. ‘“* Fosna.”’—Single-screw oil tanker, built by 
Smith’s Dock Co., Ltd., South Bank-on-Tees, 
for A/S J. Ludwig Mowinckels Rederi, Bergen, 
Norway. Main dimensions: 500 ft. between perpen- 
diculars by 69 ft. 6 in. by 38 ft.; deadweight capacity, 
about 16,300 tons on a draught of about 29 ft. 9 in. 
Kincaid-B. and W. two-stroke Diesel engine, develop- 
ing 5,500 b.h.p. at 110 r.p.m. in service, built b 
John G. Kincaid & Co., Ltd., Greenock. Spee’. 
about 13} knots. Launch, December 9. 
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A circlip and two narrow gearwheels mounted 
on a shouldered bush are the components of this 
simple anti-backlash assembly. 


ANTI-BACKLASH DEVICE 


Circlip Provides Spring Tension 
in Light Mechanism 


A device for eliminating backlash in light trains 
of gears, such as those used in servo-mechanisms, 
computers, and small precision mechanisms 
generally, has been made by the Research 
Laboratories of the General Electric Company, 
Limited, Magnet House, London, W.C.2. A 
conventional method is to use coiled tension 
springs with their associate anchor pins fixed to 
the side of the gear wheel. This type of assembly 
takes up space, special springs have to be made, 
and on very small diameter gearing fitting can 
be troublesome. 

The device made by G.E.C. occupies no more 
space than the width of an equivalent spur gear 
and uses a standard stock size circlip to provide 
spring tension. The assembly is made up of 
two narrow spur gears with a circlip sandwiched 
between them, as shown in the accompanying 
illustration. Pins, one fixed to each wheel, pass 
through the plier holes in the circlip and project 
through clearance holes in the other wheel. This 
sub-assembly is mounted on a shouldered bush, 
suitably bored and provided with.grub screws for 
fixing to the drive spindle. One wheel is free 
to revolve and the other is pushed on and 
secured by riveting or ring-punching against a 
shoulder. This type of assembly has proved 
suitable for light drives, but if the gear is to take 
appreciable power, the bush must be splined or 
knurled to secure the fixed wheel. 

The gears are made of thin section material 
with the necessary holes drilled or punched in 
position. A pin is riveted to each wheel and the 
clearance holes should allow for a minimum 
angular displacement between wheels of approxi- 
mately two circular pitches. The wheels are 
similar in shape but the centre holes are of 
different diameters; one is a running fit and 
the other a push fit on the shouldered bush. 
On assembly with the mating gear, the free wheel 
is tensioned to give an angular displacement 
of one tooth. Any standard circlip can be used, 
but on the smaller diameter gears where space 
is restricted, the external type is more suitable. 
A circlip to give the required tension can usually 
be selected by trial but, if necessary, tension can 
be reduced by grinding the circlip down to a 
suitable thickness. This drive has been used 
over a range of wheels from | in. to 3 in. dia- 
meter, but is adaptable to a much wider range 
of sizes. 

A refinement can be introduced by making the 
fixed wheel and bush in one piece and turning a 
projecting ring on it to locate in a recess on the 
free wheel, which is retained on the bush by 
means of a circlip. This design obviates any 
tendency to rocking between wheels, but would 
only be necessary for high precision work where 
extreme accuracy of tooth contact is required. 
In the case of a design involving a train of gears, 
a simplification can be made whereby the inter- 
mediate gears are not fitted with circlips, and the 
first gear assembly provides the necessary spring 
te sion for the gear train. As in the case of the 
Si: gle gear wheel, the necessary tension can be 
| tained either by changing the circlip or reducing 
th: tension by grinding the circlip down. 
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PRECISION CONTROL OF SIZING ON 
CENTRELESS GRINDING MACHINES 
PUSH-BUTTON OR AUTOMATIC OPERATION 


The micro-sizer developed by Arthur Scrivener, 
Limited, Tyburn-road, Birmingham, 24, is a 
hydraulic mechanism for controlling the fine-feed 
shaft of a centreless grinding machine. It is 
arranged to advance the control wheel through 
a pre-determined distance to compensate for 
wheel wear, and can be controlled manually 
by push-button or automatically from work- 
measurements made pneumatically. Hydraulic 
power is taken from the grinding machine circuit. 


HAND CONTROL 


Basically, the micro-sizer consists ofa hydraulic 
cylinder which rotates the fine-feed shaft of the 
grinding machine, a hydraulic valve and a selector 
mechanism which controls the amount of move- 
ment of the piston in the hydraulic cylinder 
and therefore determines the movement of the 
fine-feed shaft. This control is effected by an 
adjustable stop, the position of which is set by a 
knurled knob at the side of the micro-sizer. 
Setting this knob to any one of five positions 
allows the hydraulic cylinder to move the control 
wheel over a distance ranging from 0-0001 in. 
to 0-0005 in., by increments of 0-0001 in. A 
figure representing the 0-0001-in. increments is 
disclosed in an observation window as the 
control knob is rotated. 

In the hand-operated model the hydraulic 
valve is push-button controlled, and it is only 
necessary for the operator on gauging the 
ground component and finding it to have reached 
the upper limit of tolerance, to press the button. 
The wheel is then advanced automatically through 
the pre-determined distance shown by the setting 
of the control knob. 

One further control, a graduated hand- 
setting sleeve, is provided on the micro-sizer. 
It can be used in conjunction with the coarse-feed 
hand-wheel on the grinding machine for initial 
setting purposes, for changing to a different 
work diameter, or after fitting a new wheel. 
After this setting has been done all the adjust- 
ment for wheel-wear compensation is effected 
by the micro-sizer. 


AUTOMATIC CONTROL 


A modification of the micro-sizer is available 
for automatic control of wheel adjustment by 
pneumatic measuring equipment. This model, 
which is the joint development of Arthur Scrivener 
Limited, and the Sigma Instrument Company, 
Limited, Letchworth, uses a Sigma twin-jet ring 
gauge to measure the work continuously as it 
leaves the grinding machine. The ring gauge has 
two measuring jets and a monitoring jet, the 


When the push-button 
of the Scrivener micro- 
sizer is pressed, the 
control wheel of the 
centreless grinder is 
advanced automatically 
through a_ pre-deter- 
mined distance as set 
on the knob seen at the 
left of the illustration. 
The graduated sleeve 
visible on the top of the 
micro-sizer is a hand 
control used only for 
initial setting purposes. 


latter ensuring that the measuring jets only 
function when work is actually passing through 
the gauge. The measuring jets control electrical 
equipment which is used to send power impulses 
to the micro-sizer as the size of the work being 
gauged reaches the upper limit of tolerance. 

A further modification of the micro-sizer has 
been developed for use when plunge-grinding. 
In such a case continuous measurement of the’ 
work by ring-gauging is not possible, and a 
suitable gauging head is fixed on the operating 
side of the grinding machine. As finished work is 
ejected from the machine it ‘is placed by the 
operator in the gauge, and if the upper toler- 
ance limit has been reached, the micro-sizer is 
operated automatically. 

Automatic contfol of wheel-advance can some- 
times be carried a stage further when a fully- 
automatic grinding machine is set up for a long 
run on one type of plunge-ground component. 
It may then be possible to use the automatic feed 
mechanism which places the component between 
the wheels to transfer it to the gauge after grind- 
ing. Measurement of size and correction for 
wheel wear is then fully automatic. 


x k * 


OBSERVATION OF SMOKE 
POLLUTION 


A station for measuring the smoke and sulphur 
dioxide pollution in the London atmosphere has 
been established at the Science Museum, South 
Kensington, in co-operation with the Fuel 
Research Station of the Department of Scientific 
and Industrial Research. , 

The sampling equipment consists of filter 
paper through which air is drawn from just 
above roof level by an electric pump. As a 
result, a grey stain appears on the paper, the 
intensity of which is a measure of the degree of 
smoke pollution. The same air is bubbled also 
through a weak solution of hydrogen peroxide 
in which the atmospheric sulphur is dissolved to 
form an acid solution. The strength of this 
solution is then measured by standard methods. 

This equipment is being displayed as a working 
exhibit in the Meteorology Gallery of the 
Museum. Observations of smoke and sulphur 
dioxide pollution are being made on it daily 
and are reported to the Fuel Research Station. 

The station is one of a number that are being 
established to permit a more detailed examination 
of atmospheric pollution to be made both in 
London and elsewhere. 


























Four 2-ft. fluorescent lamps are supplied from 

the one control box of this portable lighting set. 

Each lamp is cased in a Perspex cylinder and 
can safely be used in a humid atmosphere. 


PORTABLE FLUORESCENT 
LIGHTS 


Low-Voltage Units for Use in 
Confined Spaces 


For use where tungsten-filament lamps have 
disadvantages, a portable fluorescent lighting 
set has been produced by Thorn Electrical 
Industries, Limited, 105-109 Judd-street, London, 
W.C.1. Known as the Atlas equipment, it 
consists of a control box supplying four 2-ft. 
tubes as shown in the illustration. The tubes 
are encased in Perspex and there are clips at the 
ends for clamping them conveniently. 

The equipment is designed to work from a 
110-volt 50-cycle supply, the running voltage 
across each tube being 50 volts. The control 
box is made of sheet steel and has four trays, 
each containing the choke, capacitor and thermal 
starter for one lamp. A five-core cable connects 
to the lamps which are 2-ft. long and rated at 
40 watts. There are clamps on the box to prevent 
the cable plugs being accidentally withdrawn 
from the sockets. Although they are not 
flame-proof, there are many confined spaces 
where these lamps can be used in which the heat 
generated by tungsten lights would be objection- 
able. Also, the fluorescent lamps are more 
robust than a tungsten filament and do not give 
rise to glare. They can safely be used in moist 
or humid conditions, and are therefore suitable 
for use during aircraft construction. The control 
box weighs 25 lb, and the lamps 4 Ib. each. 


x * * 


RAPID-DRYING PRIMING PAINT 


Priming paints containing red lead probably 
provide the best resistance to any corrosion of the 
surface to which they are applied, but the 
majority of them require rather a long time to 
dry. This is because they employ a vegetable 
oil as the dispersal medium which reacts with 
the red lead to form a soap, essential to efficient 
dispersal but which is attacked by the solvents 
used in finishing paints. Consequently, it is 
necessary to allow the primer to become com- 
pletely dry before apply-ng the finishing coat—a 
process which may take a considerable time. 

A red lead primer has now been produced by 
Evode, Limited, Glover-street, Stafford, which is 
claimed to dry out completely in 24 hours, 
although soap formation occurs, Known as 
Evo-Led, the makers state that it can be over- 
painted after 24 hours have elapsed whatever 
solvent is used in the finishing paint. Also, it 
is stated that Evo-Led can be applied to moist 
surfaces, without fear of subsequent deteriora- 
tion by moisture absorption. The final dry 
film is waterproof, 


BUTT WELDING LENGTHS 
OF PIPE 


Portable Unionmelt Machine 


A stand for holding and adjusting within certain 
limits the welding head of a portable Unionmelt 
welding machine has been developed by the 
Central Pipe Fabricating and Supply Company, 
Sharons-ville, Ohio, U.S.A. The Unionmelt wel- 
der, a versatile tool in itself, is supplied by Linde 
and Alloys Department, Union Carbide Inter- 
national Company, a division of Union Carbide 
and Carbon Corporation, 30 East 42nd-street, 
New York 17, N.Y., U.S.A. The holding unit 
has been specially designed to assist in the 
stationary welding of steel pipe. The welding 
head is clamped in the holder; turning one knob 
raises or lowers the unit as required, another 
moves the head sideways, and another moves 
the head backwards or forwards; a turning jig 
rotates the pipes during welding. 

The accompanying illustration shows the 
simple construction of the holder, and gives an 
example of the type of pipes that can be welded 
by using the holder and turning jig. The method 
of use is to place the pipes to be joined on the 
turning jig with the joint under the welding 
head. The first step is to tack-weld the joint; 
it is then completed by a continuous three-pass 
butt-weld. During welding the head is set at 
an angle of 74 deg. to the work; welding speed 
is 15 to 20 in. per minute. It is claimed that no 
finishing operations are needed, and that the 
welding of a pipe joint that formerly took 45 
minutes can be done with the aid of the flexible 
welder and new holder in 4 minutes. 





The stand and adjusting gear which hold the 
portable welding head make pipe fabrication by 
welding a simpler and quicker operation. 


= = ® 


DUPLEX TWO-WAY VALVE 


A two-way valve designed to make possible the 
duplex operation of a standard valve has been 
designed by Martonair, Limited, Parkshot, 
Richmond, Surrey. Normally, this type of 
operation can only be achieved either by a 
special valve or by using fully-balanced pilot 
valves connected in series. 

As shown in the illustration, the valve has just 
passed a signal through from the left-hand port, 
and in doing so, has moved the piston over to 
the right-hand side, thus isolating the right-hand 
port. If pressure is now admitted into the 
right-hand port, the piston will be moved over 
to the left-hand side of the valve, connecting 
the right-hand port with the outlet, and at the 
same time isolating the left-hand port. 

The estimated life of the valve is 10 million 
cycles, and the minimum operating pressure 
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Two-way valve with duplex operation. 


required is about 20 Ib. per square inch, although 
lower operating pressures can be used under 
conditions of good lubrication. 
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ELECTRICITY SUPPLY IN 
GLASGOW 


Historic Power Station Extended 


The Pinkston power station in Glasgow is now 
almost unique in that its main load is provided 
by the Corporation’s transport system and its 
operation is not the responsibility of the British 
Electricity Authority. When originally con- 
structed at the beginning of the present century 
the plant installed consisted of four vertical 
compound engines, each of which was coupled 
to a 2,500-kW alternator, generating three-phase 
current at 6:6 kV and 25 cycles, and of two 
vertical compound engines, which were each 
coupled to a 600-kW direct-current dynamo. 
This plant was supplied with steam from 16 
boilers, each of which had an output of 20,000 Ib. 
per hour at a pressure of 150 Ib. per square inch. 
In 1907, the increased load led to the installation 
of a 3,000 kW turbo-alternator, while in 1928, 
extensive reconstruction took place, involving 
the installation of six boilers each with an output 
of 50,000 lb. per hour at a pressure of 315 lb. 
per square inch, 

In 1935, the station was also used to supply 
the Glasgow Underground Railway which had 
been converted to electric traction. Shortly 
afterwards two further boilers, each with an 
output of 75,000 lb. per hour were added. 
The installed capacity of the generating plant 
at that time was 57-5 MW, which included one 
25-MW set. During the war the station had to 
sustain a continuous demand of 37 MW anda 
momentary demand of 40 MW, so, if the latter 
set was unavailable, the remaining plant was 
insufficient to carry the load. 

In 1947, it was therefore decided to instal a 
30-MW turbo-alternator generating three-phase 
current at 6°6 kV and 50 cycles, this change in 
frequency being so that the station could be 
connected with the grid. This set, which is now 
in operation, will be eventually supplied from two 
stoker-fired boilers, each with an output of 
150,000 Ib. of steam per hour at a pressure of 
600 Ib. per square inch and a temperature of 
850 deg. F. The erection of one of these boilers 
cannot, however, be begun until one of the older 
units has been removed. A cooling tower with 
a capacity of 3,500,000 gallons of water per hour 
has also been installed. The present capacity 
of the station is therefore 87-5 MW and this 
could be increased to 120 MW if necessary 
without extending the existing building. 

Inter-connection with the grid has also 
rendered necessary the replacement of the high- 
voltage cables and switchgear installed in 1928. 
The new switchgear has rupturing capacities of 
350 MVA and 750 MVA and is accommodated 
in separate fireproof compartments. Control is 
effected from a room on the upper floor. 

This new extension was formally inauguarated 
by the Rt. Hon. Thomas Johnston, chairman of 
the North of Scotland Hydro-Electric Board on 
Friday, December 3. The contractors for the 
new set were Metropolitan-Vickers Electrica! 
Company, Limited, Manchester, the condenser 
being supplied by G. and J. Weir, Limite, 
Cathcart, Glasgow. 
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Labour Notes 


TRADE UNIONS AND THE 
INDIVIDUAL 


A number of instances in which British courts 
of law had assisted in the preservation of the 
freedom of the individual were referred to by 
sir Alfred Denning, a Lord Justice of Appeal 
since 1948, in an address on “‘ Law in a Develop- 
ing Community” to the Royal Institute of 
Public Administration, in London, on Decem- 
ber 13. 

Lord Justice Denning spoke of the immense 
power wielded by trade unions over individuals 
and illustrated his remarks by a case which 
occurred at the London docks. A man who had 
been employed there for many years became 
involved in a technical dispute, as a result of 
which his union fined him £6. After the 
decision to fine him had been taken, the man 
met his union official and struck him. 

This action should have been dealt with by 
the courts, but the trade-union official apparently 
considered that sterner discipline was needed 
and, at a subsequent union meeting, it was 
decided to remove the man’s name from the 
dock labour register. 

The matter was reported to the Port of London 
Authority in due course and the Authority was 
informed that the man concerned was no longer 
eligible for employment in its service. 


REMEDY OF THE COURTS 


On this occasion, the courts came to the 
rescue. They held, Lord Justice Denning stated, 
that it was not in the jurisdiction of the trade 
union to penalise the man for assault and they 
decided that he should be allowed to continue 
his employment. 

Many Tribunal cases, Lord Justice Denning 
emphasised, should come under the scrutiny of 
the courts. In a recent instance, involving the 
compulsory acquisition of land, the Land 
Tribunal had decided in favour of the Govern- 
ment, but without giving reasons for its decision. 

This was a great pity, because, had the 
Tribunal done so, a question of law might have 
arisen and the courts could then have ‘inquired 
into the Tribunal’s reasons. In the end, the 
Ministry concerned released the land. 

In such cases, there should surely be a remedy 
through the courts. Ought there not to be, 
Lord Justice Denning suggested, some superior 
court, an administrative court possibly, with 
power to inquire not only into questions of law 
but into questions of fact as well? Such a 
court would provide an agreeable alternative to 
the present necessity of having to go through the 
whole machinery of publicity, letters to the Press, 
and questions in Parliament. 


NEW WAGE CLAIMS 


In accordance with a decision reached at the 
annual conference of the Confederation of 
Shipbuilding and Engineering Unions in August 
last, a number of new claims on behalf of 
employees in the engineering group of industries 
were presented to the Engineering and Allied 
Employers’ National Federation on December 14. 

The principal demands were for wage increases 
of 15s. a week for craftsmen and of 10s, a week 
for !abourers. In addition to seeking to raise 
exis'ing rates of pay, the Confederation is hoping 
to improve the wage structure, as a whole, in 
thes~ industries. 

Vith this end in view, the Confederation 
Sug: :sted that, in addition to the skilled and 
labc uring grades, some three or four inter- 
Mec.ate grades should be established, with 
min*1um wage rates for each, to provide for the 


constantly widening groups of men who have 
acquired a certain amount of skill and become 
productive employees, owing to developments in 
mechanisation. 

It is intended that these new grades should then 
take the place of the present rather vaguely 
defined grade of ‘“ semi-skilled” operatives. 
If the employers accept the suggestion in prin- 
ciple, and there are grounds for believing that 
they may, a good deal of detailed negotiation will 
remain to be undertaken before the numerous 
varieties of work undertaken in present-day 
engineering establishments are sorted out into 
their appropriate categories under the new 
grades. 

The existing minimum rate for unskilled 
employees is £6 4s. 10d. for a week of 44 hours, 
and that for skilled men £7 4s. 10d. Should the 
claims for higher rates be successful, the difference 
of £1 a week would be raised to 25s. and this, 
it is considered, would allow for sufficient 
variations to be made in the rates for the inter- 
mediate grades. 

The claims are now due to be considered by 
the local associations affiliated to the employers’ 
Federation and it is expected that another 
meeting between the Federation’s negotiating 
committee and representatives of the Confedera- 
tion will be held towards the end of January, 
to receive the employers’ answer. 


SHIPBUILDING EMPLOYEES 
AFFECTED 


Another claim put forward by the Con- 
federation at the meeting with the employers’ 
Federation on December 14 was for an amend- 
ment to the industries’ holidays-with-pay agree- 
ment, so as to enable payments for holidays to 
be based on the earnings of the individual and 
not on basic wage rates. The adoption of such 
a proposal would add considerably to the diffi- 
culty of calculating payments for holidays, and, 
if only on that account, the suggestion is likely 
to be firmly resisted by the employers’ 
Federation. 

Altogether, about one-and-a-half million engi- 
neering employees will be directly affected by 
the claims and, in addition, another million men, 
employed by non-federated firms, which normally 
bring their wage rates into line with those paid 
by the Federation, are likely to benefit indirectly. 

Similar demands, for increases of 15s, a week 
for craftsmen and of 10s: a week for unskilled 
men was submitted by the Confederation, on 
December 15, to the Shipbuilding Employers’ 
Federation on behalf of about 200,000 employees 
in the shipbuilding and ship-repairing industries. 
These demands, however, did not include pro- 
posals for the setting up of intermediate grades. 

If granted in full, the wage claims for the 
engineering and shipbuilding industries would 
add about £100 million a year to the employers’ 
total outgoings under that heading. 


RAILWAY SUBSIDY REFUSED 


Following his attendance at a Cabinet meeting 
on December 13, at which, it is presumed, a 
report was presented regarding the railway wage 
situation, Mr. J. A. Boyd-Carpenter, the Minister 
of Transport and Civil Aviation, met leaders of 
the National Union of Railwaymen and informed 
them that he “‘ could not contemplate ’’ anything 
in the nature of a subsidy from the Government 
as a means of assisting the British Transport 
Commission to meet higher wage claims. 

The deputation from the union, led by its 
President, Mr. J. W. Stafford, told the Minister 
that the Commission was not able to offer 
further increases in wage rates owing to its 
financial position and that, in those circum- 
stances, the union felt that it must ask for the 
assistance of the Government. 





839 


The union’s leaders also referred to the 
£124 million which accrued to the Government 
as a result of the war-time operation of the rail- 
ways and suggested that some of that money 
might be used to give assistance to the Commission. 

In his reply, Mr. Boyd-Carpenter said that he 
regarded the “ profit’? made by the railways 
during the war years as little more than a book- 
keeping transaction. He would like to consider 
the various: other points put forward by the 
union’s representatives and to have an early 
opportunity to discuss them with his Govern- 
ment colleagues. 

He added that, in the meantime, the door to 
negotiation and arbitration was still open to 
the union and he urged it to resume its ‘negotia- 
tions with the Commission. 


THREE LONG-TERM MEASURES 
NEEDED 


Mr. Boyd-Carpenter acknowledged that he 
was deeply concerned about the future of British 
Railways and said that, in his opinion, three 
improvements were needed to put the railways 
on a sound basis. These were the modernisa- 
tion of railway equipment, greater freedom of 
charges as provided for by last year’s Transport 
Act, and a re-deployment of railway manpower. 

The Minister said he realised that these were 
long-term measures and that the full benefit of 
them might not be felt for several years. The 
real problem was, as the union’s leaders had 
indicated, how the Commission’s finances could 
be strengthened during the intervening period. 

As far as the Commission is concerned, there 
is no claim from the National Union of Railway- 
men before it, as, in the Commission’s view, the 
union’s claim of July last year, for a 15 per cent. 
wage increase, was finally disposed of by the 
settlement reached in October last and. no fresh 
demand has been submitted. The union, on 
the other hand, considers that it is still seeking 
that part of the 15 per cent. claim which it has 
not yet obtained. Two concessions in railway 
wages during the past twelve months have met 
the claim to the extent of raising pay rates by 
between 8 and 9 per cent. 

At a meeting of the union’s executive com- 
mittee on the day after the interview with Mr. 
Boyd-Carpenter it was decided to defer considera- 
tion of the whole matter until they heard from 
him again. 


**GO-SLOW ” DISPUTE AT SCOTTISH 
WORKS OF L.C.I, 


Nearly a thousand persons employed at the 
explosives factory of Imperial Chemical Industries 
Limited at Ardeer, Ayrshire, were rendered idle 
on December 15 owing to the adoption of slow- 
working tactics by certain of the employees in 
connection with a pay dispute with the firm. 

According to a statement issued by the 
company, negotiations had been in progress 
between itself and the trade unions concerned 
over wage rates in the blasting department. 
Early this month, an offer was made by the 
company, which it understood, was considered 
by officials of the Transport and General 
Workers’ Union on December 12. 

When work was begun on the following 
morning it was evident that the men were not 
producing at the agreed rates and, during the 
morning, the company was informed by the 
union that the offer was not acceptable. 

In spite of warnings, slow working continued 
in the gelatines section of the blasting department 
and the company “had no option” but to 
suspend the men affected. At the morning meal 
break on December 15 it appeared that about 
100 men in the powder section of the department 
were also going slow, and they were sent home. 





NOTICES OF MEETINGS 


Association of Bronze and Brass Founders 
MANCHESTER 
Discussion on “ Sands for Non-Ferrous Foundries,” opened 
by A Tip Meeting arranged under Association’s advisory 
service scheme. Engineers’ Club, Albert-square, Manchester. 
Mon., Jan. 10, 7.15 p.m. 


British Institution of Radio Engineers 
LONDON . 


Discussion on “ Education and Training of Radio Engineers.” 
London Section. London School of Hygiene and op a 
Medicine, Keppel-street, W.C.1. Wed., Dec. 29, 6.30 p.m. 
LIVERPOOL 
* Some sptanesting Applications of Electronics to Photo- 
graphy,” by D. . Neale. Merseyside Section. College of 
‘echnology, Byrom-street, Liverpool 3. Thurs., Jan. 6, 
MANCHESTER 
Discussion on “ Problems in the Design and Production of 
Car Radio,” opened by C. L. Caiger. North-Western Section. 
College of Tomasiegy, Sackville-street, Manchester. Thurs., 
Jan. 6, 7 p.m. 


Chemical Engineering 
LONDON tied 


Symposium on “ Refrigeration,” introduced by Ezer Griffiths. 
“ Volatiles,” by J. C. Fidler; ‘* Some Thermodynamic wed 
ties of Fish and Their Effect on Rate of Freezing,” by R. A. K. 
Long. Geological Society, Burlington House, Piccadilly, 
W.1. Tues., Jan. 11, 5.30 p.m. 


Illuminating Engineering Society 
LONDON 


“ Fading and Related Effects Associated with Radiation from 
i“ ht Sources,” by B. S. Cooper. es Society of Arts, 
n Seer eet, W.C.2. Tues., Jan. p.m. 
BIRMING AM 
Display re New Lighting Fittings. Birmingham Centre. 
— 4 , a TES, Suffolk-street, Birmingham. Thurs., 
BRISTOL 
“Studies in Interior Lighting,” by J. M. Waldram. Bath 
and Bristol Centre. Royal Hotel, Bristol. Fri., Jan. 7, 
6.15 p.m, 
CARDIFF 
**Studies in Interior Lighting,” by J. M. Waldram. Cardiff 
Centre. Offices of the South Wales Electricity Board, The 
Hayes, Cardiff. Thurs., Jan. 6, 5.45 p.m. 
EDINBURGH 
“ Street-Lighting Lantern “3% by T. M. Christie. 
burgh Centre. Manor Club, 12 Ro 
Wed., Jan. 5, 7 p.m. 
GLASGOW 
“High Bay Lighting,” by F. Jones. Glasgow Centre. 
Institution of Engineers and Shipbuilders in Scotland, 39 Elm- 
bank-crescent, Glasgow, C.2. Thurs., Jan. 6, 7.30 p.m. 


Incorporated Plant Engineers 
LONDON 


“ The Writing and Presentation of a Technical Report for a 
Non-Technical Board of Directors,” by W. J. Dickie. London 
Branch, Royal Society of Arts, John Adam-street, Adelphi, 
W.C.2. Tues., Jan. 4, 7 p.m. 
BIRMINGHAM 
** Gas Turbines in Industry,” by J. R. Needham. Birmingham 
Branch. Imperial Hotel, Birmingham. Fri., Jan. 7, 7.30 p.m. 
PETERBOROUGH 
Various short papers. Peterborough Branch. Campbell 
Hotel, Bridge-street, Peterborough, Thurs., Jan. 6, 7.30 p.m. 
SOUTHAMPTON 
** Industrial Instrumentation,” 
ampton Branch, Polygen 
Jan, 5, 7.30 p.m, 


Institute of British Foundrymen 
BRADFORD 
“* Metallurgical Aspects of Moulding,” by H. Forrest. West 
Riding of Yorkshire Branch, Technical College, Bradford. 
Sat., Jan, 8, 6.30 p.m. 
BURNLEY 
** Design and Gating of Various Castings,” by W. Collinge. 
Burnley Section. Burnley Technical College, Ormerod-road, 
Burnley, Wed., Jan. 5, 7.30 p.m. 
GLASGOW 
“ Production and the Foundry,”’ by E. W. Barrell. 
Branch, Royal Technical College, Glasgow. 


3 p.m. 

NEWCASTLE-UPON-TYNE 
Open Meeting. Visit of John Bell, President of the Institute. 
i Branch, Neville Hall, Westgate-road, Newcastle- 

pon-Tyne. Sat., Jan 8, 6 p.m, 

SHEFFIELD 
* Britain’s Largest Steel Casting,” with film, by S. Taylor. 
Sheffield Branch. College of Technology, Pond-street, 
Sheffield. Mon., Jan, 3, 7.15 p.m. 


Institute of Fuel 
LONDON 


“ Integration in the Iron and Steel Industry,” by W. F. Cart- 
wri - Lag ~ of Civil Engineers, Great George-street, 
S. , Jan 13, 5.30 p.m. 
NEWCASTLE: ‘UPON TYNE 
** Carbonisation of Blends of Coal to Produce Metallurgical 
Coke,” by H. Bardgett. North-Eastern Section. King’s 
College, Newcastle-upon-Tyne. Mon., Jan. 10, 6.30 p.m. 


Institute of Metals 
LONDON 


“*Some Aspects of Twinning and Kinking in Metals,” by 
Professor A. H, Cottrell. London Local Section. Thurs., 
Jan 6, 6.30 p.m, 
BIRMINGHAM 
Debate: “ That, at the Present Stage of Industrial Metal- 
lurgy, Empirical Methods of Research are More Profitable 
than those Employing the Fundamental Approach.” Bir- 
mingham Local Section. James Watt Memorial Institute, 
onan: eae, Birmingham. Thurs., Jan. 6, 6.30 p.m. 
“ Titanium,” by Major P. Litherland Teed. Oxford Local 
Section. Cadena Café, Cornmarket-street, Oxford. Tues., 
Jan. 4, 7 p.m, 
SWANSEA 
** Oxidation of Metals,” by Dr. U. R. Evans. South Wales 
Local Section. Metallurgy Department, oe College, 
Singleton Park, S . Wed., Jan. 5, 6.45 p 


Institute of Refrigeration 
LONDON 


“Ground and Airborne 
seam") Weacage-wee, 

Wi t. 
Jan, Jan. 4, 5.30 p.m. 


Edin- 
} ak, -place, Edinburgh 3. 


by C. M. V, Benwell. 
Hotel, Southampton, 


South- 
Wed., 


Scottish 
Sat., Jan. 8, 





uipment for Cooling Aircraft 
itution of Mechanical Engi- 
James’s Park, S.W.1, Tues., 


Institute of Welding 
LONDON 


“ 7 What Reape An Engineering Structures Unsafe?” by 
H. Chilver. London Branch. Manson House, 
26 Portland oe Thurs., Jan 6, 7.30 p.m. 
MANCH ESTER ° 
“ Welding Design: Theory and Practice,” by F. Koenigsberger. 
Manchester Branch. College of Technology, Sackville-street, 
Manchester. Wed., Jan 5, 7.15 p.m. 
MIDDLESBRO OUGH 
“Welding in Shipbuilding,” by D. Hardie. North-Eastern 
(Tees-Side) Branch. Cleveland Scientific and Technical 
Segue, Corporation-road, Middlesbrough. Thurs., Jan. 6, 


7.30 p.m. 
NEWCASTLE-UPON-TYNE 
“ Detail Design of Welded Structures,” by T. L. Usherwood. 
North-Eastern (Tyneside) Branch. Neville Hall, Westgate- 
road, Newcastle-upon-Tyne. Thurs., Jan. 6, 7 p.m. 
PORTSMOUTH 
“Some Troubles in Welding Ferrous Metals,” by R. G. Burt. 
Portsmouth Branch. College of Technology, Portsmouth. 
Thurs., Jan. 6, 7 p.m. 


Institution of Civil Engineers 
LONDON 


“ Reconstruction of Deptford Creek Bridge,” by F. M. 
Fuller and J. N. C. Couper. Works Division. Tues., 
Jan. 4, 5.30 p.m. 

“ The rye by BE of a Civil Airport, as Typified by London 
ra oe y B. E. Willett. Airport Division. Tues., Jan. 11, 


‘Institution of Electrical Engineers 
LONDON 


** Equipment of Instrumental Accuracy for the Recording and 
Reproduction of Electrical Signals, Using Cinematographic 
Film,” by H. McGregor Ross. Joint Meeting of Measure- 
ments and Radio Sections. Tues., Jan. 4, 5.30 p.m. 
“ The Economic Selection of Cooling Towers for Generating 
Stations,”’ by G. F. Kennedy and P. H. Margen; and “ The 
Application of Friction-Heat Transfer Correlations to Cooling- 
Tower i. ” by P. H. Margen. Supply Section. Wed., 
Jan. 5, 5.30 p 
™ Problems "4 ‘Hydro-Electric Design in Mixed Thermal- 
Ph ae Systems.” Thurs., Jan. 6, 5.30 p.m. 
BIRMINGHAM 
Giada on “‘ Sandwich Courses,” opened by W. H. Taylor. 
South Midland Centre. James Watt Memorial Institute, 
Lee Charles-street, Birmingham. Mon., Jan. 3, 6 p.m. 


“The Co-ordination of Insulation of High-Voltage Electrical 
Installations,” by J. S. Cliff. North Midland Centre. Offices 
< the Laer ap Electricity Board, 1 Whitehall-road, Leeds. 
Tues., Jan. 4, 6.30 p.m. 

MANCHESTER 
** Development and Utilisation of Hydro-Electric Power in 
Uganda,” by J. M. Stock and J. C. Lithgow. North-Western 
Centre. Engineers’ Club, Albert-square, Manchester 1. 
Tues., Jan. 4, 6.15 p.m, 

PORTSMOUTH 
** Aluminium-Sheathed Cables,’”’ by P. M. Hollingsworth and 
P. A. Raine. Southern Centre. College of Technology, 
Portsmouth. Wed., Jan. 5, 6.30 p.m. 


Institution of Engineering Designers 
NEWCASTLE-UPON-TYN 
““The Teaching of de ll Designers,” by Professor E. 
McEwan. North-East Branch. Northern Architectural 
Association, 6 Higham-place, Newcastle-upon-Tyne. Mon., 
Jan. 10, 7.15 p.m. 


Institution of Mechanical Engineers 
LONDON 
Discussion on “ Gaps in the Knowledge of Applied Mech- 
= Applied Mechanics Group. Wed., Dec. 29, 


Fe Development of the Lost-Wax Process of beg x — 
1949 to 1953,” by J. S. Turnbull. Fri., , 5.30 p.m 
Discussion on “ Hydraulic Teusmntiodion: The Relative 
Advantages of Oil and Waiter.” Hydraulics Group. Wed., 
Jan. 5, 6.45 p.m. 

“Impact Torsion Experiments,’’ and ‘“* Experiments on the 
Effects of Rate of Testing on the Criterion of Failure of Ce Certain 
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Wales aes of Engineers, Park-place, Cardiff. Thurs,, 
Jan. 6, 7 

NORWICH > 
“* Fuel Efficiency in the Factory,” by E. J. Tickner. 
Section. Assembly House, Theatre-street, Norwic! 
Jan. 5, 7.30 p.m. 

NOTTINGHAM 
**The Human Aspect in Produciion Planning and C5n 
by B. G. L. Jackman. Nottingham Section. Victor State 
Hotel, Nottingham. Wed., Jan. 5, 7 p.m. 

WEDNESBURY 
“ Lock Design and Manufacture,” by C. G. Smith. 
hampton Section. Anchor Hotel, Wednesbury 
Jan. 5, 7.15 p.m. 


Institution of the Rubber Industry 
LONDON 


* Precision Seals,” by J. A. Stephens; and “‘ The Mar ‘facture 
of Footwear,” by Gilbert Crerar. Royal Society of Tropical 
— and Hygiene, 26 Portland-place, W.1. Tues. Jan. 1, 


5.30 p 

BIRMINGHAM 
“*General Rubber Goods,” by E. Allcock; and “ Latex 
Thread,” by Dr. R. G. James. Midland Section. James 
Watt Memorial Institute, Great Charles-street, Birmingham, 
Mon., Jan. 10, 5 p.m. 

PRESTON 
“ Functions of the Rubber Market,” by F. R. Ho 
Preston Section. Bull and Royal Hotel, Chorchanaiit 
Preston. Mon., Jan. 10, 7.15 p.m. 

SOUTHAMPTON ’ 
“Use of Polyisocyanate Resins in the Plastics and Rubber 
Industries,” by Prof. Dr. A. Bayer. Southam —— Section, 
Polygon Hotel, Southampton. Thurs., Jan. 6, 7.30 p.m. 


Institution of Structural Engineers 
BIRMINGHAM 
‘“* Load Factor Methods of Designing Reinforced Concrete,” 
by Dr. F. G. Thomas. Midland Counties Branch. Birming- 
ham and Midland Institute, Paradise-street, Birmingham, 
Tues., Jan. 4, 6 p.m. 
BRISTOL 
“Recent Bridge Works in the Bristol District,” by H. G, 
Lakeman. Western Counties Branch. Geology Lecture 
Theatre, The University, Bristol. Fri., Jan. 7, 6 p.m. 
MANCHESTER 
“ Present Situation on Retaining-Wall Design,” by Dr. P. W, 
Rowe. Lancashire and Cheshire Branch. College of Tech. 
nology, Manchester. Fri., Jan. 7, 6.30 p.m. 


Junior Institution of Engineers 
LONDON 


Film Evening. Fri., Dec. 31, 7 p.m. 
Film Evening. Fri., Jan. 7, 7.30 p.m. 

BIRMINGHAM 
“Power Press Safety,” by J. H. Price. Midland Section. 
James Watt Memorial Institute, Great Charles-street, Bir 
mingham. Wed., Jan. 5, 7 p.m. 


Manchester Association of Engineers 
MANCHESTER 
“* Engineering Practice in the Gas Industry,” by T. Andrews, 
a Club, Albert-square, Manchester. Fri., Jan. 7, 
.45 p.m. 


Reinforced Concrete Association 
BIRMINGHAM 
“Load Factor Methods of Designing Reinforced Concrete,” 
by Dr. F. G. Thomas. Midland Counties Branch. Birming- 
ham and Midland Institute, Paradise-street, Birmingham. 
Tues., Jan. 4, 6 p.m. 
LIVERPOOL 
“Some Applications of Reinforced Concrete in the Gas 
Industry,” by T. Andrews. North-Western Branch. Liverpool 
Engineering Society, 9 The Temple, 24 Dale-street, Liverpool. 


Norwi 
We, 


Volver. 
Wed., 


“Some Applications of Reinforced Concrete in the Gas 
Industry,”’ by T. Andrews. North-Western Branch. College 
of Technology, Sackville-street, Manchester. Tues., Jan. 4, 


p.m. ¥ 
Royal Aeronautical Society 
LONDON 
“ Recent Advances in the Knowledge of Transonic Air Flow,” 


by C. H. E. Warren. Section Lecture. Tues., Jan. 4, 7 p.m. 
Lecture. for Young Persons, by P. Masefield. Institution 





Mild Steels,” by Dr. N Calvert. Applied 
Group. Fri., Jan. 7, 5.30 p.m. 
BIRMINGHAM 
“Vehicle and Road Illumination,” by Dr. J. H. Nelson. 
Birmingham Automobile Centre. James Watt Memorial 
Institute, Great Charles-street, Birmingham. Tues., Jan. 4, 
.45 p.m. 
BRISTOL 
Informal Meeting. Western Automobile Centre. 
Hotel, Bristol. Thurs., Dec. 30, 6.45 p.m. 
COVENTRY 
“Some Problems in Lubrication and the Substances Called 
Additives,” by A. Towle. Coventry Automobile Centre. 
ee Arms Hotel, High-street, Coventry. Tues., Jan. 4, 
15 p.m. 
Institution of Production Engineers 
CARDIFF 
** Standardisation in the Process Industries,”’ by E. W. Green- 
smith. South Wales and Monmouthshire Section. South 


Royal 


1 Engineers, r Birdcage-walk, St. James’s Park, 
S.W.1. Thurs., Jan. 6, 3 p.m. 


Royal Society of Arts 
LONDON 


““The Copperbelt of Northern Rhodesia,” by R. L. Prain. 
Commonwealth Section. Thurs., Jan. 6, 5.15 p.m. 


Sheffield Metallurgical Association 
SHEFFIELD 
Discussion on ‘“‘ Open-Hearth Furnaces: Walls, Ends and 
Ports.”” Annual General Meeting of the Refractories Group. 
B.I.S.R.A. Laboratories, Hoyle-street, Sheffield 3. Tues. 
Jan. 11, 7 p.m. 


Society of Instrument Technology 
GLASGOW 
Discussion on “ The Installation of Temperature-Measuring 
Instruments. Annual General Meeting. Scottish Section. 
Royal Technical College, Glasgow. Fri., Jan. 14, 7 p.m. 


The address and telephone number of the headquarters of each institution are given below. Meetings 


in the headquarters town are held there unless otherwise stated. 


Particulars for this column should 


reach the Editor not later than Monday morning in the week preceding the date of the meetings. 


Association of Bronze and Brass Founders, 69 Harborne-road, 
Edgbaston, Birmingham 15. (Edgbaston 4141.) 

British Institution of Radio Engineers, 9 Bedford-square, 
London, W.C.1. (MUSeum 1901.) 

Chemical Engineering Group, 56 Victoria-street, London, S.W.1. 
(VICtoria i ) 

Illuminating Engineering Society, 32 Victoria-street, 
S.W.1. (ABBey 5215.) 

Incorporated Plant Engineers, 48 Drury-lane, Solihull, Bir- 
mingham. (Solihull 3021.) 

Institute of British Foundrymen, St. John Street Chambers, 

gate, Manchester 3. (Blackfriars 6178.) 

Institute of Fuel, 18 Devonshire-street, Portland-place, London, 
wal. (Ll gham 7124.) 

Institute of Metals, 4 Grosvenor-gardens, London, S.W.1. 
(SLOane 6233.) 


London, 


Institute of Refrigeration, Dalmeny House, Monument-street, 


London, E.C.3. (MINcing Lane 6851.) 
Institute of Welding, 2 Buckingham Palace-gardens, London, 
W.1. SLOane 9851.) 
Institution of Civil Engi 
S.W.1. (WHitehall 4577.) 
Institution of Electrical Engineers p Sovee-ataee Victoria~-embank- 
ment, London, W.C.2. (TEMple Bar 7676.) 


rs, Great George-street, 


London, 


Institution of Engineering Designers, 38 Portland-place, London, 
W.1. (LANgham 8847.) 

Institution of Mechanica] Engineers, 1 ae St. James's 
Park, London, S.W.1. (WHitehall 74 7476.) 

Institution of Production Engineers, 
London, W.1. (GROsvenor 5254.) 

Institution of the Rubber Industry, 12 Whitehall, 
S.W.1. (WHltehall 5012.) 


10 Chesterfield-street, 
London, 
11 Upper Belgrave-street, 


Institution of Structural a. 
1 


London, S.W.1. (SLOane 7 

Junior Institution of Engineers, Pepys House, 14 Rochester-fow, 
London, S.W.1. (VICtoria 0786.) 

Manchester Association of Engineers, 20 Booth-street, Mair 
chester 2. (Central 2796.) 

Reinforced Concrete Association, 94-98 Petty France, London, 
S.W. Bey 4504.) 

Royal Aeronautical Society, 4 Hamilton-place, London, W.!. 
(GROsvenor 3515.) 

Royal Society of Arts, John Adam-street, Adelphi, London, 

.2. (TRAfalgar 2366.) 

Sheffield Metallurgical Association, 15 Crescent-road, Sheffield 7. 
—a 53674.) 

Society of Instrument Technology, 184 Sherwood Park-road, 
Mitcham, Surrey. 





